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i he present invention relates aenerallv to com™*;*- 

dependent diseases, and more specifically, to conpositions L™ methods for ,reatin 9 cancer and other angiogenic- 
stents which have been coated with such composes ^ and DO/ymeric carriers, 

as well as methods for utilizing these stents and conditions 
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reduces lesions in 15*20%, and 80% of patients, respectively), the lesions invariably reoccur. Surgical resection of liver 
metastases represents the only possibility for a cure, but such a procedure is possible in only 5% of patients with metas- 
tases, and in only 15-20% of patients with primary hepatic cancer. 

One method that has been attempted for the treatment of tumors with limited success is therapeutic embolization. 
5 Briefly, blood vessels which nourish a tumor are deliberately blocked by injection of an en*)olic material into the vessels. 
A variety of materials have been attempted in this regard, including autologous substances such as fat. blood clot, and 
chopped musde fragments, as well as artificial materials such as wool, cotton, steel balls, plastic or glass beads, tan- 
talum powder, silicone compounds, radioactive particles, sterile absorbable gelatin sponge (Sterispon, Gelfoam), oxi- 
dized cellulose (Oxycel), steel coils, alcohol, lyophiiized human dura mater (Lyodura). microftorillar collagen (Avitene), 
io collagen fibrils (Tachotop), polyvinyl alcohol sponge (PVA; Ivaion), Barium-impregnated silicon spheres (Biss) and 
detachable balloons. The size of liver metastases may be temporarily decreased utilizing such methods, but tumors typ- 
ically respond by causing the growth of new blood vessels into the tumor. 

A related problem to tumor formation is the development of cancerous blockages which inhibit the flow of material 
through body passageways, such as the bile ducts, trachea, esophagus, vasculature and urethra. One device, the stent, 
is has been developed in order to hold open passageways which have been blocked by tumors or other substances. Rep- 
resentative examples of common stents include the Wallstent. Strecker stent Gianturco stent and the Palmaz stent. 
The major problem with stents, however, is that they do not prevent the ingrowth of tumor or inflammatory material 
through the interstices of the stent If this material reaches the inside of a stent and compromises the stent lumen, it 
may result in blockage of the body passageway into which it has been inserted. In addition, presence of a stent in the 
20 body may induce reactive or inflammatory tissue (e.g. blood vessels, fibroplasts, white blood cells) to enter the stent 
lumen, resulting in partial or complete closure of the stent 

EP-A-0 470 569 discloses an intravascular embodying agent comprising an anti-angiogenic factor in a polymeric 
carrier. WO-A-91 11193 discloses an implant comprising an anti-angiogenic agent for controlled delivery of the agent. 
WO-A-921271 7 discloses a medicament comprising a tetracycline as an anti-angiogenic agent which may be used with 
25 a chematherapeutic agent such as taxoi. 

The present invention provides compositions and methods suitable for treating cancers and other angiogenesis - 
dependent diseases which address the problems associated with the procedures discussed above, and further pro- 
vides other related advantages, 

30 Summary of the Invention 

Briefly stated, the present invention relates to anti-angiogenic compositions, as well as methods and devices which 
utilize such compositions for the treatment of cancer and other angiogenesis-dependent diseases. Compositions are 
disclosed (hereinafter referred to as "anti-angiogenic compositions") comprising (a) an anti-angiogenic factor and (b) a 
35 polymeric carrier. A wide variety of molecules may be utilized within the scope of the present invention as anti-ang- 
iogenic factors, including for example Anti-Invasive Factor, retinoic acids and their derivatives, taxoi, taxo! analogues 
and taxoi derivatives, and members of the group consisting of Suramin, Tissue Inhibitor of Metalloproteinase- 1 , Tissue 
Inhibitor of Metal lproteinase-2. Plasminogen Activator Inhibitor-1 and Plasminogen Activator Inhibitor-2. Similarly, a 
wide variety of polymeric carriers may be utilized, representative examples of which include poly(ethylene-vinyl acetate) 
40 crosslinked with 40% vinyl acetate, poly (lactic-co-glycolic add), polycaprolactone polylactic acid, copolymers of 
poly(ethylene-vinyl acetate) crosslinked with 40% vinyl acetate and polylactic acid, and copolymers of polylactic acid 
and polycaprolactone. Within one embodiment the composition has an average size of 15 to 200 urn. 

There are disdosed methods for embolizing a blood vessel, comprising the step of delivering into the vessel a ther- 
apeutically effective amount of an anti-angiogenic composition (as described above), such that the blood vessel is 
45 effectively occluded. Within one embodiment, the anti-angiogenic composition is delivered to a blood vessel which 
nourishes a tumor. 

Within yet one aspect of the present invention, stents are provided comprising a generally tubular structure, the sur- 
face being coated with one or more anti-angiogenic compositions. Within other aspects of the present invention, such 
stents are provided for use in a method of expanding the lumen of a body passageway, comprising inserting a stent into 
so the passageway, the stent having a generally tubular structure, the surface of the structure being coated with an anti- 
angiogenic composition as described above, such that the passageway is expanded. Within various embodiments of 
the invention, such methods include eliminating biliary obstructions, comprising inserting a biliary stent into a biliary 
passageway: eliminating urethral obstructions, comprising inserting a urethral stent into a urethra; eliminating esopha- 
geal obstructions, comprising inserting an esophageal stent into an esophagus and eliminating tracheal/bronchial 
55 obstructions, comprising inserting a tracheatybronchial stent mto the trachea or bronchi. In each of these embodiments, 
the stent has a generally tubular structure, the surface of which is coated with an anti-angiogenic composition as 
described above. 

Methods are disclosed for treating tumor excision sites, comprising administering an anti-angiogenic composition 
as described above to the resection margins of a tumor subsequent to excision, such that the local recurrence of cancer 
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Figure 8 is a line graph which depicts the percent of encapsulation of Sodium Suramin in ELVAX. 

Figure 9 js a bar graph which depicts the size distribution of 5% ELVAX microspheres containing 10 mg sodium 
suramin made in 5% PVA containing 10% NaCI. 

Figure 10 is a bar graph which depicts the size distribution by weight of 5% PLL microspheres containing 10 mg 
5 sodium suramin made in 5% PVA containing 10% NaCI. 

Figure 11 is a bar graph which depicts the size distribution by number of 5% PLL microspheres containing 10 mg 
sodium suramin made in 5% PVA containing 10% NaCI. 

Figure 12 is a line graph which depicts the time course of sodium suramin release. 

Figure 13 is an illustration of a representative embodiment of hepatic tumor embolization. 
io Figure 14 is an illustration of the insertion of a representative stent coated with an anti -angiogenic composition of 
the present invention. 

Figure 15A is a graph which shows the effect of the EVAiPUV polymer blend ratio upon aggregation of micro- 
spheres. Figure 15B is a scanning electron micrograph which shows the size of "small" microspheres. Figure 15C is a 
scanning electron micrograph which shows the size of "large" microspheres. Figure 15D is a graph which depicts the 
is time course of in vitro taxol release from 0.6% w/v taxol-ioaded 50:50 EVA:PLA polymer blend microspheres into phos- 
phate buffered saline (pH 7.4) at 37°C. Open circles are "small" sized microspheres, and closed circles are "large" sized 
microspheres. Figure 15E is a photograph of a CAM which shows the results of taxol release by microspheres ("MS"). 
Figure 15F is a photograph similar to that of 15E at increased magnification. 

Figure 16 is a graph which shows release rate profiles from polycaprolactone microspheres containing 1%, 2%. 5% 
20 or 1 0% taxol into phosphate buffered saline at 37°C. Figure 16B is a photograph which shows a CAM treated with con- 
trol microspheres. Figure 16C is a photograph which shows a CAM treated with 5% taxol loaded microspheres. 

Figures 1 7A and 1 7B, respectively, are two graphs which show the release of taxol from EVA films, and the percent 
taxol remaining in those same films over time. Figure 17C is a graph which shows the swelling of EVA/FI 27 films with 
no taxol over time. Figure 1 7D is a graph which shows the swelling of EVA/Span 80 films with no taxol over time. Figure 
25 1 7E is a graph which depicts a stress vs. strain curve for various EVA/FI 27 blends. 

Figures 1 8A and 1 8B are two graphs which show the melting point of PCLVMePEG polymer blends as a function of 
% MePEG in the formulation (18A), and the percent increase in time needed for PCL paste at 60°C to begin to solidify 
as a function of the amount of MePEG in the formulation (18B). Figure 18C is a graph which depicts the brittleness of 
varying PCUMePEG polymer blends. Figure 18D is a graph which shows the percent weight change over time for pol- 
30 ymer blends of various MePEG concentrations. Figure 18E is a graph which depicts the rate of taxol release over time 
from various polymer blends loaded with 1% taxol. Figures 18F and 18G are graphs which depict the effect of varying 
quantities of taxol on the total amount of taxol released from a 20%MePEG/PCL blend. Figure 18H is a graph which 
depicts the effect of MePEG on the tensile strength of a MePEG/PCL polymer. 

Figure 19A is a photograph which shows control (unloaded) thermopaste on a CAM. Figure 1 9B is a photograph of 
35 20% taxol-loaded thermopaste on a CAM. 

Figures 20A and 20B are two photographs of a CAM having a tumor treated with control (unloaded) thermopaste. 
Figures 20C and 20D are two photographs of a CAM having a tumor treated with taxol-loaded thermopaste. 

Figure 21 A is a graph which shows the effect of taxol/PCL on tumor growth. Figures 21 B and 21C are two photo- 
graphs which show the effect of control, 1 0%. and 20% taxol-loaded thermopaste on tumor growth. 

40 Figure 22A is a photograph of synovium from a PBS injected joint. Figure 22B is a photograph of synovium from a 
microsphere injected joint. Figure 22C is a photograph of cartilage from joints injected with PBS, and Figure 22D is a 
photograph of cartilage from joints injected with microspheres. 

Detailed Description of the Invention 

45 

As noted above, the present invention provides methods and compositions which utilize anti-angiogenic factors. 
Briefly, within the context of the present invention, anti-angiogenic factors should be understood to include any protein, 
peptide, chemical or other molecule which acts to inhibit vascular growth. A variety of methods may be readily utilized 
to determine the anti -angiogenic activity of a given factor, including for example, chick chorioallantoic membrane 
so ("CAM") assays. Briefly, as described in more detail below in Examples 2A and 2C. a portion of the shell from a freshly 
fertilized chicken egg is removed, and a methyl cellulose disk containing a sample of the anti-angiogenic factor to be 
tested is placed on the membrane. After several days (e.g., 48 hours), inhibition of vascular growth by the sample to be 
tested may be readily determined by visualization of the chick chorioallantoic membrane in the region surrounding the 
methyl cellulose disk. Inhibition of vascular growth may also be determined quantitatively, for example, by determining 
55 the number and size of Wood vessels surrounding the methyl cellulose disk, as compared to a control methyl cellulose 
disk. Particularly preferred anti-angiogenic factors suitable for use within the present invention completely inhibit the for- 
mation of new blood vessels in the assay described above. 

A variety of assays may also be utilized to determine the efficacy of anti-angiogenic factors in vivo, including for 
example, mouse models which have been developed for this purpose (see Roberston et al„ Cancer Res. 57:1339- 
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amincproponitrile fumarate (Sigma Chemical Co., #A3134)]}; MDL 27032 (4iyopyi.5-(4.pyridinyl)-2(3H)K)xa2o!one; 
Merlon Merrel Dow Research Institute); Methotrexate (Sigma Chemical Co., #A6770; Hirata et a!.. Arthritis and Rheu- 
matism 32:1065*1073, 1989); Mitoxantrone (Poiverini and Novak. Biochem. Biophys. Res. Comm. 740:901-907); 
Heparin (Folkman, Bio. Phar. 34:905*909, 1985; Sigma Chemical Co., #P8754); Interferons (e.g., Sigma Chemical Co.,' 
5 #13265); 2 Macroglobulin-serum (Sigma Chemical Co., #M7151); ChlMP-3 (Pavloff et al., J. Bio . Chem. 267:17321- 

17326, 1992); Chymostatin (Sigma Chemical Co.. #C7268; Tomkinson et al„ Biochem J. 236:475*480, 1992); p-Cydo- 
dextrin Tetradecasulfate (Sigma Chemical Co., #C4767); Eponemycin; Estramustine (available from Sigma; Wang and 
Stearns Cancer Res . 43:6262-6271, 1988); Fumagillin (Sigma Chemical Co., #F677i ; Canadian Patent No. 2,024,306; 
Ingber et al.. Nature 343:555*557, 1990); Gold Sodium Thiomalate ("GST; Sigma.<34022; Matsubara and Ziff, J. Clin. 
io Invest. 79:1440-1446, 1987); (D-Penicillamine ("CDPT*; Sigma Chemical Co., #P4875 or P5000(HCI)); p-1-anticolla- 
genase-serum; a2-antiplasmin (Sigma Chem. Co.:A0914; Holmes et al., J. Biol. Chem. 262(A): 1659-1 664, 1987); 
Bisantrene (National Cancer Institute); Lobenzarit disodium (N-(2)-carboxyphenyl-4*chloroanthronilic acid disodium or 
"CCA"; Takeuchi et al., Agents Actions 36:312*316, 1992); Thalidomide, Angiostatic steroid. AGM-1470, carboxyami- 
nolmidazole, metalloproteinase inhibitors such as BB94 and the peptide CDPGYIGSR- NH 2 (SEQUENCE ID NO. 1) 
is (Iwaki Glass, Tokyo, Japan). 

Anti-angiogenic compositions of the present invention may additionally comprise a wide variety of compounds in 
addition to the anti-angiogenic factor and polymeric carrier. For example, anti-angiogenic compositions of the present 
invention may also, within certain embodiments of the invention, also comprise one or more antibiotics, anti-inflamato- 
ries, anti-viral agents, anti-fungal agents and/or anti-protozoal agents. Representative examples of antibiotics induded 
20 within the compositions described herein include: penidllins; cephalosporins such as cefadroxil, cefazolin, cefaclor; 
aminoglycosides such as gentamycin and tobramydn; sulfonamides such as sulfamethoxazole; and metronidazole. 
Representative examples of anti-inflammatories include: steroids such as prednisone, prednisolone, hydrocortisone, 
adrenocorticotropic hormone, and sulfasalazine; and non-steroidal anti-inflammatory drugs ("NSAIDS") such as aspi- 
rin, ibuprofen, naproxen, fenoporfen, indomethadn, and phenylbutazone. Representative exanpies of antiviral agents 
25 include acyclovir, ganciclovir, zidovudine. Representative examples of antifungal agents include: nystatin, ketocona* 
zole, griseofulvin. flucytosine, miconazole, dotrimazole. Representative examples of antiprotozoal agents indude: pen- 
tamidine isethionate, quinine, chioroquine, and mefloquine. 

Anti-angiogenic compositions of the present invention may also contain one or more hormones such as thyroid hor- 
mone, estrogen, progesterone, cortisone and/or growth hormone, other biologically active molecules such as insulin, 
30 as well as T H i (e.g., Interleukins -2. -12, and -15, gamma interferon or T H2 (e.g., Interleukins -4 and -10) cytokines. 

Anti-angiogenic compositions of the present invention may also comprise additional ingredients such as sur- 
factants (either hydrophilic or hydrophobic; see Example 13), anti -neoplastic or chemotherapeutic agents (e.g., 5-fluor- 
ouracil, vinblastine, doxyrubicin, adriamydn. or tamodfen), radioactive agents (e.g., Cu-64, Ga-67, Ga-68, Zr-89, Ru- 
97, Tc-99m, Rh-105, Pd-109. In-11 1. 1-123, 1-125, 1*131. Re-186. Re-188, Au-198. Au-199, Pb-203. At-21 1, Pb*212and 
35 Bi-212) or toxins (e.g. . ricin, abrin, diptheria toxin, cholera toxin, gelonin, pokeweed antiviral protein, tritin, Shigella toxin, 

and Pseudomonas exotoxin A). 

As noted above, anti-angiogenic compositions of the present invention comprise an anti -angiogenic factor and a 
polymeric carrier. In addition to the wide array of anti -angiogenic factors and other compounds discussed above, anti- 
angiogenic compositions of the present invention may include a wide variety of polymeric carriers, including for example 
40 both biodegradable and non-biodegradable compositions. Representative examples of biodegradable compositions 
include albumin, gelatin, starch, cellulose, dex trans, polysaccharides, fibrinogen, poly (d.i lactide), poly (d.l-lactide-co- 
glycolide), poly (glycolide), poly (hydroxybutyrate), poly (alkylcarbonate) and poly (orthoesters) (see generally. Ilium, L. 
Davids. S.S. (eds.) "Polymers in controlled Drug Delivery” Wright, Bristol, 1987; Arshady, J. Controlled Release 77 : 1 - 
22, 1991; Pitt, Int. J. Phar, 59:173*196, 1990; Holland et al.. J. Controlled Release 4: 155-0180, 1986). Representative 
45 examples of nondegradable polymers include EVA copolymers, silicone rubber and poly (methylmethacrylate). Partic- 
ularly preferred polymeric carriers include EVA copolymer (e.g., ELVAX 40. poly( ethylene-vinyl acetate) crosslinked 
with 40% vinylacetate; DuPont), poly(lactic-co-glycolic acid), polycaprolactone, polyiactic acid, copolymers of poly(eth- 
ylene-vinyl acetate) crosslinked with 40% vinyl acetate and polyiactic acid, and copolymers of polyiactic acid and poly- 
caprolactone. 

so Polymeric carriers may be fashioned in a variety of forms, including for example, as nanospheres or microspheres, 
rod-shaped devices, pellets, slabs, or capsules (see. e.g., Goodell et al.. Am. J. Hosp. Pharm 43:1454-1461, 1986:! 
Langer et al., "Controlled release of macromolecules from polymers", in Biomedical polymers, Polymeric materials and 
pharmaceutical for biomedical use. Goldberg, E.R, Nakagim, A. (eds.) Academic Press, pp. 113-137, 1980; Rhine et 
al., J. Pharm. Sci, 692 65-270. 1980; Brown et al., J. Pharm. Sci. 72: 1181-1185, 1983: and Bawa et al., J. Controlled 
55 Release 1 :259-267, 1985). 

Preferably, anti -angiogenic compositions of the present invention (which comprise one or more anti*angiogenic fac- 
tors, and a polymeric carrier) are fashioned in a manner appropriate to the intended use. Within preferred aspects of 
the present invention, the anti-angiogenic composition should be biocompatible, and release one or more anti-ang- 
iogenic factors over a period of several weeks to months. In addition, anti-angiogenic compositions of the present inven- 
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surgical resection in order to reduce operative blood loss, shorten the duration of the operation, and reduce the risk of 
dissemination of viable malignant cells by surgical manipulation of the tumor. Many tumors may be successfully embcH- 
ized preoperatively, including for example nasopharyngeal tumors, glomus jugular tumors, meningiomas, chemodecto- 
mas, and vagal neuromas. 

s Embolization may also be utilized as a primary mode of treatment for inoperable malignancies, in order to extend 
the survival time of patients with advanced disease. Embolization may produce a marked improvement in the quality of 
life of patients with malignant tumors by alleviating unpleasant symptoms such as bleeding, venous obstruction and tra- 
cheal compression. The greatest benefit from palliative tumor embolization, however, may be seen in patients suffering 
from the humoral effects of malignant endocrine tumors, wherein metastases from carcinoid tumors and other endo- 
io crine neoplasms such as insulinomas and glucagonomas may be slow growing, and yet cause great distress by virtue 
of the endocrine syndromes which they produce. 

In general, embolization therapy utilizing anti-angiogenic compositions of the present invention is typically per- 
formed in a similar manner, regardless of the site. Briefly, angiography (a road map of the blood vessels) of the area to 
be embolized is first performed by injecting radiopaque contrast through a catheter inserted into an artery or vein 
is (depending on the site to be embolized) as an X-ray is taken. The catheter may be inserted either percutaneously or by 
surgery. The blood vessel is then embolized by refluxing anti -angiogenic compositions of the present invention through 
the catheter, until flow is observed to cease. Occlusion may be confirmed by repeating the angiogram. 

Embolization therapy generally results in the distribution of compositions containing anti-angiogenic factors 
throughout the interstices of the tumor or vascular mass to be treated. The physical bulk of the embolic particles clog- 
20 ging the arterial lumen results in the occlusion of the blood supply. In addition to this effect, the presence of an anti-ang- 
iogenic factor(s) prevents the formation of new blood vessels to supply the tumor or vascular mass, enhancing the 
devitalizing effect of cutting off the Wood supply. 

Therefore, it should be evident that a wide variety of tumors may be embolized utilizing the compositions of the 
present invention. Briefly, tumors are typically divided into two classes: benign and malignant. In a benign tumor the 
25 cells retain their differentiated features and do not divide in a completely uncontrolled manner. In addition, the tumor is 
localized and nonmetastatic. In a malignant tumor, the cells become undifferentiated, do not respond to the body’s 
growth and hormonal signals, and multiply in an uncontrolled manner; the tumor is invasive and capable of spreading 
to distant sites (metastasizing). 

Within one aspect of the present invention, metastases (secondary tumors) of the liver may be treated utilizing 
30 embolization therapy. Briefly, a catheter is inserted via the femoral or brachial artery and advanced into the hepatic 
artery by steering it through the arterial system under fluoroscopic guidance. The catheter is advanced into the hepatic 
arterial tree as far as necessary to allow complete blockage of the Wood vessels supplying the tumor(s), while sparing 
as many of the arterial branches supplying normal structures as possiWe. Ideally this will be a segmental branch of the 
hepatic artery, but it could be that the entire hepatic artery distal to the origin of the gastroduodenal artery, or even mul* 
35 tiple separate arteries, will need to be blocked depending on the extent of tumor and its individual blood supply. Once 
the desired catheter position is achieved, the artery is embolized by injecting anti-angiogenic compositions (as 
described above) through the arterial catheter until flow in the artery to be blocked ceases, preferably even after obser- 
vation for 5 minutes. Occlusion of the artery may be confirmed by injecting radiopaque contrast through the catheter 
and demonstrating by fluoroscopy or X-ray film that the vessel which previously filled with contrast no longer does so. 
40 The same procedure may be repeated with each feeding artery to be occluded. 

As noted above, both benign and malignant tumors may be embolized utilizing compositions of the present inven- 
tion. Representative examples of benign hepatic tumors include Hepatocellular Adenoma, Cavernous Haemangioma, 
and Focal Nodular Hyperplasia. Other benign tumors, which are more rare and often do not have clinical manifesta- 
tions, may also be treated. These include Bile Duct Adenomas, Bile Duct Cystadenomas, Fibromas, Lipomas. Leiomy- 
45 omas, Mesotheliomas, Teratomas, Myxomas, and Nodular Regenerative Hyperplasia. 

Malignant Hepatic Tumors are generally subdivided into two categories: primary and secondary. Primary tumors 
arise directly from the tissue in which they are found. Thus, a primary liver tumor is derived originally from the cells 
which make up the liver tissue (such as hepatocytes and biliary cells). Representative examples of primary hepatic 
malignancies which may be treated by arterial embolization include Hepatocellularcarcinoma, Cholangiocarcinoma, 
so Angiosarcoma, Cystadenocar-dnoma, Squamous Cell Carcinoma, and Hepatoblastoma. 

A secondary tumor, or metastasis, is a tumor which originated elsewhere in the body but has now spread to a dis- 
tant organ. The common routes for metastasis are direct growth into adjacent structures, spread through the vascular 
or lymphatic systems, and tracking along tissue planes and body spaces (peritoneal fluid, cerebrospinal fluid, etc.). 
Secondary hepatic tumors are one of the most common causes of death in cancer patients and are by far and away the 
55 most common form of liver tumor. Although virtually any malignancy can metastasize to the liver, tumors which are most 
likely to spread to the liver include: cancer of the stomach, colon, and pancreas; melanoma; tumors of the lung, 
oropharyrx, and bladder; Hodgkin's and non-Hodgkin's lymphoma; tumors of the breast, ovary, and prostate. Each one 
of the above-named primary tumors has numerous different tumor types which may be treated by arterial embolization 
(for example, there are over 32 different types of ovarian cancer). 
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was uncoated). 

Within another aspect of the present invention, methods are provided for expanding the lumen of a body passage- 
way, comprising inserting a stent into the passageway, the stent having a generally tubular structure, the surface of the 
structure being coated with an anti-angiogenic composition (or, an anti-angiogenic factor alone), such that the passage- 
5 way is expanded. A variety of embodiments are described below wherein the lumen of a body passageway is expanded 
in order to eliminate a biliary, esophogeal. trachealybronchial, urethral or vascular obstruction, in addition, a represent- 
ative example is described in more detail below in Example 7. 

Generally, stents are inserted in a similar fashion regardless of the site or the disease being treated. Briefly, a pre- 
insertion examination, usually a diagnostic imaging procedure, endoscopy, or direct visualization at the time of surgery, 
io is generally first performed in order to determine the appropriate positioning for stent insertion. A guidewire is then 
advanced through the lesion or proposed site of insertion, and over this is passed a delivery catheter which allows a 
stent in its collapsed form to be inserted. Typically, stents are capable of being compressed, so that they can be inserted 
through tiny cavities via small catheters, and then expanded to a larger diameter once they are at the desired location. 
Once expanded, the stent physically forces the walls of the passageway apart and holds it open. As such, they are 
is capable of insertion via a small opening, and yet are still able to hold open a large diameter cavity or passageway. The 
stent may be self -expanding (e.g., the Walistent and Gianturco stents), balloon expandable (e.g., the Palmaz stent and 
Strecker stent), or implanted by a change in terrperature ( e.g . . the Nitinol stent). 

Stents are typically maneuvered into place under radiologic or direct visual control, taking particular care to place 
the stent precisely across the narrowing in the organ being treated. The delivery catheter is then removed, leaving the 
20 stent standing on its own as a scaffold. A post insertion examination, usually an x-ray, is often utilized to confirm appro- 
priate positioning. 

Within a preferred embodiment of the invention, methods are provided for eliminating biliary obstructions, compris- 
ing inserting a biliary scent into a biliary passageway, the stent having a generally tubular structure, the surface of the 
structure being coated with a composition as described above, such that the biliary obstruction is eliminated. Briefly, 
25 tumor overgrowth of the common bile duct results in progressive cholestatic jaundice which is incorrpatible with life. 
Generally, the biliary system which drains bile from the liver into the duodenum is most often obstructed by (1) a tumor 
composed of bile duct cells (cholangiocarcinoma), (2) a tumor which invades the bile duct (e.g., pancreatic carcinoma), 
or (3) a tumor which exerts extrinsic pressure and compresses the bile duct (e.g. . enlarged lymph nodes). 

Both primary biliary tumors, as well as other tumors which cause compression of the biliary tree may be treated 
30 utilizing the stents described herein. One example of primary biliary tumors are adenocarcinomas (which are also 
called Klatskin tumors when found at the bifurcation of the oommon hepatic duct). These tumors are also referred to as 
biliary carcinomas, choledocholangiocarcinomas, or adenocarcinomas of the biliary system. Benign tumors which 
affect the bile duct (e.g. , adenoma of the biliary system), and. in rare cases, squamous cell carcinomas of the bile duct 
and adenocarcinomas of the gallbladder, may also cause compression of the biliary tree, and therefore, result in biliary 
35 obstruction. 

Compression of the biliary tree is most commonly due to tumors of the liver and pancreas which compress and 
therefore obstruct the ducts. Most of the tumors from the pancreas arise from cells of the pancreatic ducts. This is a 
highly fatal form of cancer (5% of all cancer deaths; 26,000 new cases per year in the U.S.) with an average of 6 months 
survival and a 1 year survival rate of only 10%. When these tumors are located in the head of the pancreas they fre- 
40 quentiy cause biliary obstruction, and this detracts signif icantiy from the quality of life of the patient. While all types of 
pancreatic tumors are generally referred to as "carcinoma of the pancreas," there are histologic subtypes including: 
adenocarcinoma, adenosquamous carcinoma, cystadeno-carcinoma. and acinar cell carcinoma. Hepatic tumors, as 
discussed above, may also cause compression of the biliary tree, and therefore cause obstruction of the biliary ducts. 

Within one embodiment of the invention, a biliary stent is first inserted into a biliary passageway in one of several 
45 ways: from the top end by inserting a needle through the abdominal wall and through the liver (a percutaneous transhe- 
patic cholangiogram or "PTC"); from the bottom end by cannulating the bile duct through an endoscope inserted 
through the mouth, stomach, or duodenum (an endoscopic retrograde cholangiogram or "ERCP"); or by direct incision 
during a surgical procedure. A preinsertion examination, PTC. ERCP, or direct visualization at the time of surgery 
should generally be performed to determine the appropriate position for stent insertion. A guidewire is then advanced 
so through the lesion, and over this a delivery catheter is passed to allow the stent to be inserted in its collapsed form. If 
the diagnostic exam was a PTC. the guidewire and delivery catheter will be inserted via the abdominal wall, while if the 
original exam was an ERCP the stent will be placed via the mouth. The stent is then positioned under radiologic, endo- 
scopic, or direct visual control taking particular care to place it precisely across the narrowing in the bile duct. The deliv- 
ery catheter will be removed leaving the stent standing as a scaffolding which holds the bile duct open. A further 
55 cholangiogram will be performed to document that the stent is appropriately positioned. 

Within yet another embodiment of the invention, methods are provided for eliminating esophageal obstructions, 
comprising inserting an esophageal stent into an esophagus, the stent having a generally tubular structure, the surface 
of the structure being coated with an anti-angiogenic composition as described above, such that the esophageal 
obstruction is eliminated. Briefly, the esophagus is the hollow tube which transports food and liquids from the mouth to 
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Within further aspects of the present invention, methods are provided fa treating tumor excision sites, corrprising 
administering, an anti-angiogenic composition as described above to the resection margins of a tumor subsequent to 
excision, such that the local recurrence of cancer and the formation of new blood vessels at the site is inhibited. Within 
one embodiment of the invention, the anti-angiogenic composition(s) (or anti-angiogenic factors) alone) are adminis- 
5 tered directly to the tumor excision site (e.p., applied by swabbing, brushing or otherwise coating the resection margins 
of the tumor with the anti -angiogenic composition(s) or factor(s)). Alternatively, the anti-angiogenic ccmposition(s) or 
factor(s) may be incorporated into known surgical pastes prior to administration. Within particularly preferred embodi- 
ments of the invention, the anti -angiogenic compositions are applied after hepatic resections for malignancy, and after 
neurosurgical operations. 

io Within one aspect of the present invention, anti-angiogenic compositions (as described above) may be adminis- 
tered to the resection margin of a wide variety of tumors, including for example, breast, colon, brain and hepatic tumors. 
For example, within one embodiment of the invention anti-angiogenic compositions may be administered to the site of 
a neurological tumor subsequent to excision, such that the formation of new blood vessels at the site is inhibited. Briefly, 
the brain is highly functionally localized; /. e.. each specific anatomical region is specialized to carry out a specific tune- 
rs tion. Therefore it is the location of brain pathology that is often more important than the type. A relatively small lesion in 
a key area can be far more devastating than a rrxjch larger lesion in a less important area. Similarly, a lesion on the sur- 
face of the brain may be easy to resect surgically, while the same tumor located deep in the brain may not (one would 
have to cut through too many vital structures to reach it). Also, even benign tumors can be dangerous for several rea- 
sons: they may grow in a key area and cause significant damage; even though they would be cured by surgical resec- 
20 tion this may not be possible; and finally, if left unchecked they can cause increased intracranial pressure. The skull is 
an enclosed space incapable of expansion. Therefore, if something is growing in one location, something else must be 
being compressed in another location • the result is increased pressure in the skull or increased intracranial pressure. 
If such a condition is left untreated, vital structures can be compressed, resulting in death. The incidence of CNS (cen- 
tral nervous system) malignancies is 8-16 per 100.000. The prognosis of primary malignancy of the brain is dismal, with 
25 a median survival of less than one year, even following surgical resection. These tumors, especially gliomas, are pre- 
dominantly a local disease which recur within 2 centimeters of the original focus of disease after surgical removal. 

Representative examples of brain tumors which may be treated utilizing the compositions and methods described 
herein include Glial Tumors (such as Anaplastic Astrocytoma, Glioblastoma Multiform, Pilocytic Astrorytoma, Oligoden- 
droglioma, Ependymoma. Myxopapiilary Ependymoma, Subependymoma, Chaoid Plexus Papilloma): Neuron Tumors 
30 (e.g., Neuroblastoma. GanglioneurobJastoma, Ganglioneuroma, and Medulloblastoma); Pineal Gland Tumors (e.g., 
Pineoblastoma and Pineocytoma); Menigeal Tumors (e.g.. Meningioma, Meningeal Hemangiopericytoma, Meningeal 
Sarcoma); Tumors of Nerve Sheath Cells (e.g. , Schwannoma (Neurolemmoma) and Neurofibroma); Lymphomas (e.g. , 
Hodgkin’s and Non-Hodgkin's Lymphoma (including numerous subtypes, both primary and secondary); Malformative 
Tumors (e.g. , Craniopharyngioma. Epidermoid Cysts, Dermoid Cysts and Colloid Cysts); and Metastatic Tumors (which 
35 can be derived from virtually any tumor, the most common being from lung, breast, melanoma, kidney, and gastrointes- 
tinal tract tumors). 

OTHER THERAPEUTIC USES OF ANTI-ANGIOGENIC COMPOSITIONS 

40 In addition to tumors, numerous other non-tumorigenic angiogenesis-dependent diseases which are characterized 
by the abnormal growth of blood vessels may also be treated with the anti -angiogenic compositions, or anti-angiogenic 
factors of the present invention. Representative examples of such non-tumorigenic angiogenesis-dependent diseases 
include corneal neovascularization, hypertrophic scars and keloids, proliferative diabetic retinopathy, rheumatoid arthri- 
tis, arteriovenous malformations (discussed above), atherosclerotic plaques, delayed wound healing, hemophilic joints, 
45 nonunion fractures, Osler-Weber syndrome, psoriasis, pyogenic granuloma, scleroderma, tracoma, menorrhagia (dis- 
cussed above) and vascular adhesions. 

In particular, within one aspect of the present invention methods are provided for treating corneal neovasculariza- 
tion (including corneal graft neovascularization), comprising the step of administering a therapeutically effective amount 
of an anti-angiogenic composition (as described above) to the cornea, such that the formation of blood vessels is inhib- 
50 ited. Briefly, the cornea is a tissue which normally lacks blood vessels. In certain pathological conditions, however, cap- 
illaries may extend into the cornea from the pericorneal vascular plexus of the limbus. When the cornea becomes 
vascularized, it also becomes clouded, resulting in a decline in the patient s visual acuity. Visual loss may become com- 
plete if the cornea completely opacitates. 

Blood vessels can enter the cornea in a variety of patterns and depths, depending upon the process which incites 
ss the neovascularization. These patterns have been traditionally defined by ophthalmologists in the following types: pan- 
nus trachomatosus, pannus leprosus, pannus phylctenulosus, pannus degenerativus, and glaucomatous pannus. The 
corneal stroma may also be invaded by branches of the antenor ciliary artery (called interstitial vascularization) which 
causes several distinct clinical lesions: terminal loops, a "brush-like** pattern, an umbel form, a lattice form, interstitial 
arcades (from episcleral vessels), and aberrant irregular vessels. 
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hypertrophic scars, some degree of maturation occurs and gradual improvement occurs. In the case of keloids however, 
an actual tumor is produced which can become quite large. Spontaneous improvement in such cases rarely occurs. 

Therefore, within one embodiment of the present invention either anti-angiogenic factors alone, or anti-angiogenic 
compositions as described above, are directly injected into a hypertrophic scar or keloid in order to prevent the progres- 
5 sion of these lesions. The frequency of injections will depend upon the release kinetics of the polymer used (if present), 
and the clinical response. This therapy is of particular value in the prophylactic treatment of conditions which are known 
to result in the development of hypertrophic scars and keloids (e.Q., burns), and is preferably initiated after the prolifer- 
ative phase has had time to progress (approximately 14 days after the initial injury), but before hypertrophic scar or kel- 
oid development. 

io Within another aspect of the present invention methods are provided for treating neovascuJar glaucoma, compris- 
ing the step of administering a therapeutically effective amount of an anti-angiogenic composition to the eye, such that 
the formation of blood vessels is inhibited. 

Briefly, neovascular glaucoma is a pathological condition wherein new capillaries develop in the iris of the eye. The 
angiogenesis usually originates from vessels located at the pupillary margin, and progresses across the root of the iris 
is and into the trabecular meshwork. Fibroblasts and other connective tissue elements are associated with the capillary 
growth and a fibrovascular membrane develops which spreads across the anterior surface of the iris. Eventually this tis- 
sue reaches the anterior chamber angle where it forms synechiae. These synechiae in turn coalesce, scar, and contract 
to ultimately close off the anterior chamber angle. The scar formation prevents adequate drainage of aqueous humor 
through the angle and into the trabecular meshwork, resulting in an increase in intraocular pressure that may result in 
20 blindness. 

Neovascular glauooma generally occurs as a complication of diseases in which retinal ischemia is predominant. In 
particular, about one third of the patients with this disorder have diabetic retinopathy and 28% have central retina, vein 
occlusion. Other causes include chronic retinal detachment, end-stage glaucpma, carotid artery obstructive disease, 
retrolental fibroplasia, sickle-cell anemia, intraocular tumors, and carotid cavernous fistulas. In its early stages, neovas- 
25 cular glaucoma may be diagnosed by high magnification slitlamp biomicroscopy, where it reveals small, dilated, disor- 
ganized capillaries (which leak fluorescein) on the surface of the iris. Later gonioscopy demonstrates progressive 
obliteration of the anterior chamber angle by fibrovascular bands. While the anterior chamber angle is still open, con- 
servative therapies may be of assistance. However, once the angle closes surgical intervention is required in order to 
alleviate the pressure. 

30 Therefore, within one embodiment of the invention anti-angiogenic factors (either alone or in an anti-angiogenic 
composition, as described above) may be administered topically to the eye in order to treat early forms of neovascular 
glaucoma. 

Within other embodiments of the invention, anti-angiogenic compositions may be implanted by injection of the com- 
position into the region of the anterior chamber angle. This provides a sustained localized increase of anti-angiogenic 
35 factor, and prevents blood vessel growth into the area. Implanted or injected anti-angiogenic compositions which are 
placed between the advancing capillaries of the iris and the anterior chamber angle can "defend" the open angle from 
neovascularization. As capillaries will not grow within a significant radius of the anti -angiogenic composition, patency of 
the angle could be maintained. Within other embodiments, the anti-angiogenic composition may also be placed in any 
location such that the anti-angiogenic factor is continuously released into the aqueous humor. This would increase the 
40 anti -angiogenic factor concentration within the humor, which in turn bathes the surface of the iris and its abnormal cap- 

illaries, thereby providing another mechanism by which to deliver the medication. These therapeutic modalities may 
also be useful prophylactically and in combination with existing treatments. 

Within another aspect of the present invention, methods are provided for treating proliferative diabetic retinopathy, 
comprising the step of administering a therapeutically effective amount of an anti-angiogenic composition to the eyes, 
45 such that the formation of Wood vessels is inhibited. 

Briefly, the pathology of diabetic retinopathy is thought to be similar to that described above for neovascular glau- 
coma. In particular, background diabetic retinopathy is believed to convert to proliferative diabetic retinopathy under the 
influence of retinal hypoxia. Generally, neovascular tissue sprouts from the optic nerve (usually within 10 mm of the 
edge), and from the surface of the retina in regions where tissue perfusion is poor. Initially the capillaries grow between 
so the inner limiting membrane of the retina and the posterior surface of the vitreous. Eventually, the vessels grow into the 
vitreous and through the inner limiting membrane. As the vitreous contracts, traction is applied to the vessels, often 
resulting in shearing of the vessels and blinding of the vitreous due to hemorrhage. Fibrous traction from scarring in the 
retina may also produce retinal detachment. 

The conventional therapy of choice is panretinal photocoagulation to decrease retinal tissue, and thereby decrease 
55 retinal oxygen demands. Although initially effective, there is a high relapse rate with new lesions forming in other parts 
of the retina. Complications of this therapy include a decrease in peripheral vision of up to 50% of patients, mechanical 
abrasions of the cornea, laser-induced cataract formation, acute glaucoma, and stimulation of subretinal neovascular 
growth (which can result in loss of vision). As a result, this procedure is performed only when several risk factors are 
present, and the risk-benefit ratio is clearly in favor of intervention. 
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EXAMPLES 
EXAMPLE 1 

5 PREPARATION OF ANTI-INVASIVE FACTOR 

The shoulder girdle and skull from a dogfish is excised, then scraped with a scalpel in order to remove all muscle 
and associated connective tissue from the cartilage. The cartilage is then homogenized with a tissue grinder, and 
extracted by continuous stirring at room temperature for 2 to 5 days in a solution containing 2.0 M guanidium hydrochlo- 
io ride and 0.02 M MES at pH 6.0. 

After 2 to 5 days, the cartilage extract is passed through gauze netting in order to remove the larger constituents. 
The filtrate is then passed through an Amicon ultrafiltration unit which utilizes spiral-wound cartridges, with a molecular 
weight cutoff of 100.000. The filtrate (containing proteins with a molecular weight of less than 100.000 daltons) is then 
dialyzed against 0.02 M MES buffer (pH 6) with an Amicon ultrafiltration unit which retains proteins with a molecular 
is weight of greater than 3,000 daltons. Utilizing this method, low molecular weight proteins and constituents are removed, 
as well as excessive amounts of guanidium HCI. The dialysate is concentrated to a final concentration 9 mg/ml. 

EXAMPLE 2 

20 ANALYSIS OF VARIOUS AGENTS FOR ANTI-ANGIOGENIC ACTIVITY 
A. Chick Chorioallantoi c Membrane rCamt Assays 

Fertilized, domestic chick embryos were incubated for 3 days prior to shell-less culturing. In this procedure, the egg 
25 contents were emptied by removing the shell located around the air space. The interior shell membrane was then sev- 
ered and the opposite end of the shell was perforated to allow the contents of the egg to gently slide out from the blunted 
end. The egg contents were emptied into round-bottom sterilized glass bowls and covered with petri dish covers. These 
were then placed into an incubator at 90% relative humidity and 3% C0 2 and incubated for 3 days. 

Taxol (Sigma, St. Louis. Ml) was mixed at concentrations of 1 . 5. 1 0, 30jig per 1 0|il aliquot of 0.5% aqueous meth- 
30 ylcellulose. Since taxol is insoluble in water, glass beads were used to produce fine particles. Ten microliter aliquots of 
this solution were dried on paraf ilm for 1 hour forming disks 2mm in diameter. The dried disks containing taxol were then 
carefully placed at the growing edge of each CAM at day 6 of incubation. Controls were obtained by placing taxol-free 
methylcellulose disks on the CAMs over the same time course. After a 2 day exposure (day 8 of incubation) the vascu- 
lature was examined with the aid of a stereomicroscope. Liposyn II, a white opaque solution, was injected into the CAM 
35 to increase the visibility of the vascular details. The vasculature of unstained, living embryos were imaged using a Zeiss 
stereomicroscope which was interfaced with a video camera (Dage-MTI Inc., Michigan City, IN). These video signals 
were then displayed at 160 times magnification and captured using an image analysis system (Vidas. Kontron; Etching, 
Germany). Image negatives were then made on a graphics recorder (Model 3000; Matrix Instruments Oranaebura 
NY). s 

*0 The membranes of the 8 day-old shell-less embryo were flooded with 2% glutaraldehyde in 0.1 M Na cacodylate 
buffer; additional fixative was injected under the CAM. After 10 minutes in situ, the CAM was removed and placed into 
fresh fixative for 2 hours at room temperature. The tissue was then washed overnight in cacodylate buffer containing 
6% sucrose. The areas of interest were postfixed in 1% osmium tetroxide for 1 .5 hours at 4'C. The tissues were then 
dehydrated in a graded series of ethanols, solvent exchanged with propylene oxide, and embedded in Spurr resin. Thin 
45 sections were cut with a diamond knife, placed on copper grids, stained, and examined in a Joel 1200EX electron 
microscope. Similarly, 0.5 mm sections were cut and stained with toluene blue for light microscopy. 

At day 1 1 pf development, chick embryos were used for the corrosion casting technique. Mercox resin (Ted Pella, 
Inc., Redding. CA) was injected into the CAM vasculature using a 30-gauge hypodermic needle. The casting material 
consisted of 2.5 grams of Mercox CL-2B polymer and 0.05 grams of catalyst (55% benzoyl peroxide) having a 5 minute 
so polymerization time. After injection, the plastic was allowed to sit in situ for an hour at room temperature and then over- 
night in an oven at 65’C. The CAM was then placed in 50% aqueous solution of sodium hydroxide to digest all organic 
components. The plastic caste were washed extensively in distilled water, air-dried, coated with gold/palladium, and 
viewed with the Philips 501 B scanning electron microscope. 

Results of the above experiments are shown in Figures 1-4. Briefly, the general features of the normal chick shell- 
55 less egg culture are shown in Figure 1 A. At day 6 of incubation, the embryo is centrally positioned to a radially expand- 
ing network of blood vessels; the CAM develops adjacent to the embryo. These growing vessels lie close to the surface 
and are readily visible making this system an idealized model for the study of angiogenesis. Living, unstained capillary 
networks of the CAM can be imaged noninvasively with a stereomicroscope. Figure 1 B illustrates such a vascular area 
in which the cellular Wood elements within capillaries were recorded with the use of a video/computer interface. The 3- 
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CA ",T T «“»»»««» «nos«m casting mebod and triawsd in m. 

‘ ec * ron rrucroscoc| e (Figure i C). These castings revealed underlying vessels which Droiect toward the CAM 
surtar •. •• -ere they form a single layer of anastomotic capillaries. P CAM 

- «ree sections through the CAM show an outer ectoderm consisting of a double cell layer a broader meso- 
derm :,er obtaining capillaries which lie subjacent to the ectoderm, adventitial cells, and an JIner, single endoder- 
ma ceit ayer (Figure ID). At the electron microscopic level, the typical structural details of the CAM capillaries are 
demonstrated. Typically, these vessels lie in dose assodation with Se inner cell layer of ^erm^gurM E) 



TABLE II 



Anolooenlc Inhibition b Y Taxrv i 


Taxol Concentration jig 


Embryos Evaluated 
(Positive/Total) 


% Inhibition 


30 


31/31 


100 


10 


16/21 


76 


5 


18/25 


72 


1 


6/15 


40 | 


Control 


0/30 


0 



tionedove! (F ' 9ures 2A and 2B) are shown wrth the transparent methylcellulose disk centrally posi- 

222* avascular zone measunng 6 mm in diameter. At a slightly higher magnification, the periphery of such 
avascular zones is clearly evident (Figure 2C); the surrounding functional vessels were often redirected JwfJ from S 
source of taxo (Figures 2C and 2D). Such angular redirecting of blood flow was never nS corSi 

.ragSo^l^ rr 60 * 8 * 18X01 me formati0n 01 felandS * e «"«-■' «• representing 
The associated morphological alterations of the taxol-treated CAM are readily apparent at both the liqht and elec 
nT^^T ,C i W : e,5 ' **?* C0Wenience 01 presema tion. three distinct phases ofgenera. traSJon She norS 

Kb w» ill iTtSTT* "**" “"*• Wcally arrtswt in mitosis, suit matnan s dos. m 'to- 

rsrzi*r*r““ — r *— •*“ * * 

*LT U ? ayers were thickened - the cellular junctions remained intact and the layers maintained their 
characteristics. Within the mesoderm, scattered mitotically arrested cells were abundant- these cells did not 

atino ells end0thelial Ce " polariza,ion observed in the former phase? Also, throughout this avascular region degener- 
ating cells were common as noted by the electron dense vacuoles and cellular d^ris (Figure 4C) 

tv l S l mmary ' , thi " S ^ dy damonstr ated that 4S hours after taxol application to the CAM. angiogenesis was inhibited 
^e blood vesse inhibrtion formed an avascular zone which was represented by three irarSit^l JhasIJ of S^s 
effect. The central, most affected area of the avascular zone contained disrupted capillaries with extravasated r«t hi<wt 
ce^te; this indicated that intercellular junctions between endothelial cells were absent The cells of she endoderm a-’- 
“f-r* ? 11 * « •»*» ttee germ lay«s remami ,„!a 

and a? n ** Va8CU ‘ ar 8fea W8S approached - the blood vessels retained their junctional cortexes 

therefore also remained intact. At the periphery of the taxol-treated zone, further blood vessel growth was inhibited 
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which was evident by the typical redirecting or "elbowing" effect of the Wood vessels (Figure 2D). 

Taxol-treated avascular zones also revealed an abundance of cells arrested in mitosis in all three germ layers of the 
CAM; this was unique to taxol since no previous study has illustrated such an event. By being arrested in mitosis, 
endothelial cells could not undergo their normal metabolic functions involved in angiogenesis. In comparison, the avas- 
cular zone formed by suramin and cortisone acetate do not produce mitotically arrested cells in the CAM; they only pre- 
vented further blood vessel growth into the treated area. Therefore, even though agents are anti-angiogenic, there are 
many points in which the angiogenesis process may be targetted. 

We also observed the effects of taxol over the 48 hour duration and noticed that inhibition of angiogenesis occurs 
as early as 9 hours after application. Histological sections revealed a similar morphology as seen in the first transition 
phase of the avascular zone at 48 hours illustrated in figure 3a and 4a. Also, we observed the revascularization process 
into the avascular zone previously observed. It has been found that the avascular zone formed by heparin and angi- 
ostatic steroids became revascularized 60 hours after application. In our study, taxol-treated avascular zones did not 
revascularize for at least 7 days after application implying a more potent long-term effect. 

EXAMPLE 3 

ENCAPSULATION OF SURAMIN 

One milliliter of 5% ELVAX (poly(ethylene-vinyl acetate) cross-linked with 5% vinyl acetate) in dichloromethane 
("DCM") is mixed with a fixed weight of sub-micron ground sodium suramin. This mixture is injected into 5 ml of 5% Pol- 
yvinyl Alcohol ("PVA") in water in a 30 ml flat bottomed test tube. Tubes containing different weights of the drug are then 
suspended in a multi-sample water bath at 40' for 90 minutes with automated stirring. The mixes are removed, and 
microsphere samples taken for size analysis. Tubes are centrifuged at lOOOg for 5 min. The PVA supernatant is 
removed and saved for analysis (nonencapsulated drug). The microspheres are then washed (vortexed) in 5 ml of water 
and recentrifuged. The 5 ml wash is saved for analysis (surface bound drug). Microspheres are then wetted in 50 ul of 
methanol, and vortexed in i ml of DCM to dissolve the ELVAX. The microspheres are then warmed to 40°C, and 5 ml 
of 50°C water is slowly added with stirring. This procedure results in the immediate evaporation of DCM. thereby caus- 
ing the release of sodium suramin into the 5 ml of water. All three 5 ml samples were then assayed for drug content. 

Sodium suramin absorbs uv/vis with a lambda max of 312nm. The absorption is linear in the 0 to 100 ug/ml range 
in both water and 5% PVA. The drug fluoresces strongly with an excitation maximum at 31 2nm. and emission maximum 
at 400nm. This fluorescence is quantifiable in the 0 to 25 ug/ml range. 

Results are shown in Figures 5-10. Briefly, the size distribution of microspheres appears to be unaffected by inclu- 
sion of the drug in the DCM (see Figures 5 and 6). Good yields of microspheres in the 20 to 60 urn range may be 
obtained. 

The encapsulation of suramin is very low (<1%) (see Figure 8). However as the weight of drug is increased in the 
DCM the total amount of drug encapsulated increased although the % encapsulation decreased. As is shown in Figure 
7, 50ug of drug may be encapsulated in 50 mg of ELVAX. Encapsulation of sodium suramin in 5% PVA containing 10% 
NaCI is shown in Figures 9-10. 

EX AM PLE 4 

ENCAPSULATION OF TAXOL 

Five hundred micrograms of either taxol or baccatin (a taxol analog, available from Inf lazyme Pharmaceuticals Inc 
Vancouver, British Columbia. Canada) are dissolved in 1 ml of a 50:50 ELVAX rpoly-Mactic acid mixture in DCM Micro- 
spheres are then prepared in a dissolution machine (Six-spindle dissolution tester, Vanderkamp Van Kell Industries 
Inc.. U.S.A.) in triplicate at 200 rpm, 42*C, for 3 hours. Microspheres so prepared are washed twice in water and sized 
on the microscope. 

Determination of taxol encapsulation is undertaken in a uv/vis assay (uv/vis lamda max. at 237 nm. fluorescence 
assay at excitation 237, emission at 325 nm; Fluorescence results are presented in square brackets 0). Utilizing the pro- 
cedures described above. 58 \ig (V- 12 ng) [75 \ig (+/-25 jig)] of taxol may be encapsulated from a total 500 \ig of start- 
ing material. This represents 12% (+/-2.4%) [15% (+/-5%)] of the original weight, or 1.2% (+/-0.25%) [1.5% (+/-0.5%)] 
by weight of the polymer. After 18 hours of tumbling in an oven at 37*C, 10.3% (+/-10%) [6% (+/-5.6%)) of the total taxol 
had been released from the microspheres. 

For baccatin, 100 +/-15 jig [83 +/-23ng] of baccatin can be encapsulated from a total of 500 ng starting material. 
This represents a 20% (+/-3%) [17% (+/-5%) of the original weight of baccatin, and 2% (+/-0.3%) [1.7% (+/-0.5%)J by 
weight of the polymer. After 18 hours of tumbling in an oven at 37‘C, 55% (+/-13%) [60% (+/-23%)] of the baccatin is 
released from the microspheres. 
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EXAMPLE 6 

EMB01J2ATI0N OF RAT ARTERIES 

Fisher rats weighing approximately 300 grams are anesthetized. Utilizing aseotic oroeadurae a i ^ 
upper abdominal incision is made, and the liver identified. Two-tenths of a milLerof saKne contSing i^lJonTe 9 ? 
gliosarcoma cells (eluted immediately prior from tissue culture) is injected into each of the 5 heoatic lobes hv nien- 

equired post-injection for the tumor deposits to measure 1 cm in diameter each. 6 

ahrtnm n f a 3 W8ete ‘ d ® pendin ° on the rat sp9Ci6s ' ,h ® same general anesthetic procedure is followed and a midiina 

xfwui.MMi.. ,gd *>' « » ^ 

the insert., potm wit ligate me arte,,. «Me ft, one above will lothe ci ,*«. So™2T 

injecting 0.5 ml of 60% radiopaque contrast material through the catheter as an x-ray is takerT^e 

embolized by refluxing particles measuring 15-200 pm through the gastroduodenal art ery St^unSfl^Tt !!! 
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EXAMPLE 7 

TRANSPLANTATION OF BILIARY STENTS IN RATS 
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coma cells (eluted from tissue culture immediately prior to use) is injected via a 27 gauge needle to a depth of t cm into 
the liver capsule. Hemostasis is achieved after removal of the needle by placing a pledget of gelfoam at the puncture 
sites. Saline is injected as the needle is removed to ensure no spillage of cells into the peritoneal cavity or along the 
needle track. The general anesthetic is terminated, and the animal returned to the animal care center and placed on a 
5 normal diet. 

Two weeks later, general anesthetic is administered, and utilizing aseptic precautions, the hepatic lobe containing 
the tumor is identified through a midline incision. A 16 gauge angiographic needle is then inserted through the hepatic 
capsule into the tumor, a 0.038-inch guidewire passed through the needle, and the needle withdrawn over the 
guidewire. A number 5 French dilator is passed over the guide into the tumor and withdrawn. A number 5 French deliv- 
io ery catheter is then passed over the wire containing a self-expanding stainless steel Wallstent (5 mm in diameter and 
1 cm long). The stent is deployed into the tumor and the guidewire delivery catheter is removed. One-third of the rats 
have a conventional stainless steel stent inserted into the tumor, one-third a stainless steel stent coated with polymer, 
and one third a stent coated with the polymer-anti-angiogenic factor compound. The general anesthetic is terminated 
and the rat returned to the animal care facility. 

is A plain abdominal X-ray is performed at 2 days in order to assess the degree of stent opening. Rats are sacrificed 
at 2, 7, 14, 28 and 56 days post-stent insertion by injecting Euthanyi, and their livers removed en bloc once euthanasia 
is confirmed. After fixation in formaldehyde for 48 hours, the liver is sectioned at 0.5 mm intervals; including severing 
the stent transversely using a fresh blade for each slice. Histologic sections stained with H and E are then analyzed to 
assess the degree of tumor ingrowth into the stent lumen. 

20 

EXAMPLE 8 

MANUFACTURE OF MICROSPHERES 

25 Equipment which is preferred for the manufacture of microspheres described below include: 200 ml water jacketed 
beaker (Kimax or Pyrex), Haake circulating water bath, overhead stirrer, and controller with 2 inch diameter (4 blade, 
propeller type stainless steel stirrer - Fisher brand), 500 ml glass beaker, hot plate/stirrer (Corning brand), 4 X 50 ml 
polypropylene centrifuge tubes (Nalgene), glass scintillation vials with plastic insert caps, table top centrifuge (GPR 
Beckman), high speed centrifuge- floor model (JS 21 Beckman), Mettler analytical balance (AJ 100. 0.1 mg), Mettler 
30 digital top loading balance (AE 163, 0.01 mg), automatic pipetter (Gilson). Reagents include Polycaprolactone ("PCL* 

- mol wt 10,000 to 20,000; Polysciences, Warrington Pennsylvania, USA), "washed" Ethylene Vinyl Acetate ("EVA" 
washed so as to remove the anti-oxidant BHT), Poly(DL)lactic acid ("PLA - mol wt 15,000 to 25,000; Polysciences). 
Polyvinyl Alcohol fPVA" - mol wt 124,000 to 186,000; 99% hydrolyzed; Aldrich Chemical Co.. Milwaukee Wl, USA), 
Dichloromethane ("DCM" or "methylene chloride"; HPLC grade Fisher scientific), and distilled water. 

35 

A. Preparation of 5% (w/v) Polymer Solutions 

Depending on the polymer solution being prepared. 1 .00 g of PCL a PLA, or 0.50 g each of PLA and washed EVA 
is weighed directly into a 20 ml glass scintillation vial. Twenty milliliters of DCM is then added, and the vial tightly 
40 capped. The vial is stored at room temperature (25°C) for one hour (occasional shaking may be used), or until all the 
polymer has dissolved (the solution should be clear). The solution may be stored at room temperature for at least two 
weeks. 

B. Preparation of 5% (w/v) Stock Solution of PVA 

45 

Twenty-five grams of PVA is weighed directly into a 600 ml glass beaker. Five hundred milliliters of distilled water is 
added, along with a 3 inch Teflon coated stir bar. The beaker is covered with glass to decrease evaporation losses, and 
placed into a 2000 ml glass beaker containing 300 ml of water (which acts as a water bath). The PVA is stirred at 300 
rpm at 85°C (Corning hot plate/stirrer) for 2 hours or until fully dissolved. Dissolution of the PVA may be determined by 
so a visual check; the solution should be clear. The solution is then transferred to a glass screw top storage container and 
stored at 4®C for a maximum of two months. The solution, however should be warmed to room temperature before use 
or dilution. 

C. Procedure for Producing Microsoheres 

55 

Based on the size of microspheres being made (see Table 1), 100 ml of the PVA solution (concentrations given in 
Table III) is placed into the 200 ml water jacketed beaker. Haake circulating water bath is connected to this beaker and 
the contents are allowed to equilibrate at 27°C (+/*10 C C) for 10 minutes. Based on the size of microspheres being made 
(see Table 111), the start speed of the overhead stirrer is set. and the blade of the overhead stirrer placed half way down 
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PVA concentrations, 


stir speeds, and centrifugaHorc^requirements for each diameter range of micro- 


PRODUCTION STAGE 


[ MICROSPHERE DIAMETER RANGES 




30 4m to 100 um 


10 pm to 30 pm 


0.1 to 3 4m 


PVA Concentration 


2.5% (w/v) (re., dilute 5% 
stock with distilled water 


5% (w/v) (re., undiluted 
stock) 


3.5% (w/v) (re., dilute 5% 
stock with distilled water 


Starting Stir Speed 


500 rpm +A 50 rpm 


500 rpm +A 50 rpm 


3000 rpm +A 200 rpm 


Adjusted Stir Speed 


500 rpm +A 50 rpm 


500 rpm +/• 50 rpm 


2500 rpm +A 200 rpm 


Centrifuge Force 


1000 g+/- 100 g (Tabletop 
model) 


1000 g +A 100 g (Table top 
model) 


10 000 g +/- 1000 g (High 
speed model) 



30 



35 



40 



45 



50 



55 



“*■ m 4 """ «*- » ««•« .» 
water, and centrifuged for another 10 midtfes (force given in^Tkbte iTm"* CentrrfU9e tube alon9 wrth 20 ml <* distilled 
a total of three washes. The mtaosphereswe then cen^aefl^«nLi tUla pr °? ess ,s re P ea,ed two addtional times for 
After the final wash, the microsphera Oration JEWELS ™ *' "* resuspended in 10 ”* of distilled water, 

capped, and left overnight at room temperature (25"C) in order tn ail ° a f ,rewe ‘ 9hed 9lass scintillation vial. The vial is 
Microspheres which fail in the size range of 0 1 urn to 3 um do not ^ the ^mcrospheres to sediment out under gravity, 
ml suspension. ° of 0.1 um to 3 um do not sed.ment out under gravity, so they are left in the 10 
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used^cnjraw ^st^r nararrt^ t^'s^m^ed'mi^ 111 ^ ^"S*’ 8 5 au,0matic pipetter or «cuum suction is 

vial in a drawer for a period of one week or until thev arVfuii 6 ^ t ^ microspheres are allowed to dry in the uncapped 
plished by leaving the u£m { “T* FaSter dr *" 9 ™ a V be acoom- 

When fully dry (vial at constant weight), the vial is weighed and 2>ed The Sited ^ r ^ ml/ 7' n ) in the ,ume hood - 
perature in a drawer. Microspheres are normaily stor ** '££& fZ™* C8PPed vial 15 stpred « «•» tern- 

E. Biyipg pf Q, 1 um tf) 3 um Diameter M. crosohPfoc 

IW « -AT 

pipattad imp a 1 .5 ml SI", m° * 200 »' •» la 

fast), me supernatant removed, and tUltlH t^r.alm^^ *"°- 000 S mmnM ““ » "top- 
«•*"*» «o w*g»l of Pried mierosdlSrSSS a ' 50 C “ e ™>™ ^ '«"««!« m <«,, fo 

F ‘ Mflnyfacture of Taxpl Loaded Microspherg 
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polymer solution is then added to the vial containing the taxol. which is then vortexed until the taxol has dissolved. 

Microspheres containing taxol may then be produced essentially as described above in steps (C) through (E). 

EXAMPLES 

5 

MANUFACTURE OF STENT COATING 

Reagents and equipment which are utilized within the following experiments include (medical grade stents obtained 
commercially from a variety of manufacturers; e.g. , the "Strecker" stent) and holding apparatus. 20 ml glass scintillation 
io vial with cap (plastic insert type). TIC atomizer, Nitrogen gas tank, glass test tubes (various sizes from 1 ml and up), 
glass beakers (various sizes), Pasteur pipette, tweezers, Polycaproiactone ("PCL" • mol wt 10,000 to 20,000; Poly- 
sciences), Tool (Sigma Chemical Co., St Louis, Mo.. 95% purity), Ethylene vinyl acetate ("EVA” - washed - see previ- 
ous), Poly(DL)lactic acid ("PLA" - mol wt 15,000 to 25,000; Polysciences), dichloromethane ("DCM" - HPLC grade, 
Fisher Scientific). 
is 

A. Procedure for Sprayed Stents 

The following describes a typical method using a 3 mm crimped diameter interleaving metal wire stent of approxi- 
mately 3 cm length. For larger diameter stents, larger volumes of polymer/drug solution are used. 

20 Weigh sufficient polymer directly into a 20 ml glass scintillation vial and add sufficient DCM to achieve a 2% w/v 
solution. Cap the vial and mix the solution to dissolve the polymer (hand shaking). Assemble the stent in a vertical ori- 
entation. This can be accomplished using a piece of nylon and tying the stent to a retort stand. Position this stent hold- 
ing apparatus 6 to 12 inches above the fume hood floor on a suitable support (e.g., inverted 2000 ml glass beaker) to 
enable horizontal spraying. Using an automatic pipette, transfer a suitable volume (minimum 5 ml) of the 2% polymer 
25 solution to a separate 20 ml glass scintillation vial. Add an appropriate amount of taxol to the solution and dissolve it by 
hand shaking the capped vial. 

To prepare for spraying, remove the cap of this vial and dip the barrel (only) of an TLC atomizer into the polymer 
solution. Note that the reservoir of the atomizer need not be used in this procedure: the 20 ml glass vial acts as a res- 
ervoir. Connect the nitrogen tank to the gas inlet of the atomizer. Gradually increase the pressure until atomization and 
30 spraying begins. Note the pressure and use this pressure throughout the procedure. To spray the stent use 5 second 
oscillating sprays with a 1 5 second dry time between sprays. After 5 sprays, rotate the stent 90° and spray that portion 
of the stent. Repeat until all sides of the stent have been sprayed. During the dry time, finger crimp the gas line to avoid 
wastage of the spray. Spraying is continued until a suitable amount of polymer is deposited on the stents. The amount 
may be based on the specific stent application in vivo. To determine the amount, weigh the stent after spraying has 
35 been completed and the stent has dried. Subtract the original weight of the stent from the finished weight and this pro- 
duces the amount of polymer (plus taxol) applied to the stent Store the coated stent in a sealed container. 

B. Proceduj^fQr_DiDped Stents 

40 The following describes a typical method using a 3 mm crimped diameter interleaving metal wire stent of approxi- 
mately 3 cm length. For larger diameter stents, larger volumes of polymer/drug solution are used in larger sized test 
tubes. 

Weigh 2 g of EVA into a 20 ml glass scintillation vial and add 20 ml of DCM. Cap the vial and leave it for 2 hours to 
dissolve (hand shake the vial frequently to assist the dissolving process). Weigh a known weight of taxol directly into a 
45 1 ml glass test tube and add 0.5 ml of the polymer solution. Using a glass Pasteur pipette, dissolve the taxol by gently 

pumping the polymer solution. Once the taxol is dissolved, hold the test tube in a near horizontal position (the sticky 
polymer solution will not flow out). Using tweezers, insert the stent into the tube all the way to the bottom. Allow the pol- 
ymer solution to flow almost to the mouth of the test tube by angling the mouth below horizontal and then restoring the 
test tube to an angle slightly above the horizontal. While slowly rotating the stent in the tube, slowly remove the stent 
so (approximately 30 seconds). 

Hold the stent in a vertical position to dry. Some of the sealed perforations may pop so that a hole exists in the con- 
tinuous sheet of polymer. This may be remedied by repeating the previous dipping procedure, however repetition of the 
procedure can also lead to further popping and a general uneven build up of polymer. Generally, it is better to dip the 
stent just once and to cut out a section of stent that has no popped perforations. Store the dipped stent in a sealed con- 
55 tainer. 
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MANUFACTURE of SURGICAL TASTES" 

id wit run a variety of clinical situations^ ^ composi,ions ,hat may be un- 

applied to a desired site as a fluid and harden^? 80 S^th o T TfC Pr °? UC8d: (1) as 8 **•"«*«•■ that is 
temperature); ( 2 ) as a spray (/.e.. ’nanospray-) which rraydel^ {e ' 3 ' 

aahzed apparatus (e.g.. endoscopy), and which subsequently harSns toaTdJ^LTdh V ° r *' T °“ gh 8 Spe ‘ 
it is applied; ( 3 ) as an adherent, pliable resilient aneL««L t0 a , ” ^ ich adheres to the tissue to which 
directly or through a specialized and whjch ^. C mhibitor-polymer fllm applied to a desired site either 

« “»»**» « ■ 2^ -TSE.’Stf ZwfZXZS: IT * T iM: M < 4 > - ■ 

either directly or via a specialized apparatus, and which 1 J ^ ^>ch is applied to a desired site 

A- Procedure for Pmrfucina Thamv TO « ;tft 

portion), scalpel and tweezers. Polycaprolacrone ("PCf - mol wtf 0 000 to 20 dm p« ° hJ9 ® tube “P 
vania USA), and Taxo. (Sigma grade^% purrty LimunT Polysc.ences, Warrington. Pennsyl- 

polymer to melt. Thoroughly mix a tf ,0f 20 m,nu1es - ™« allows the 

65 -C. Pour the melted polymer into a %ZZZ (££2en> ' rt ° the melted Po^er at 

Allow the mould to cool so the polymer solidifies Cut or break US6 3 f* atU a 10 ass,st with the Pouring process. 

"" in *.). Vm. p*=*mu£SX“ta <«r ™ ,ely2mmW2 

remove the cap from the tip) and place it on a balance Ze?o the b£Z£ 9 ' ass Syri " 9e (d0 not 

downwards) into a 500 * nST^bS^Tn^istinS wat^^^Tfcomino ^^ 9 '??^''" 96 UPri9hl (C3pped ,ip 
barrel. The polymer melts corrdetelv within in m j nirtoc ( n 9 bot plate) so that no water enters the 

remove the barrel from the water bam, hold it horizontally arS TeJ^rc^lre^th^nT 6 ' *** hav# mel,ed ’ 

sss 

body F teiSSe. n ' thS Syr ' n9S ^ 66 reh6a,ed ‘° 6 °’ C and admin,stered as a “Puid which solidifies when cooled to 
Procedure for Produc ing Nanosp^ y 

diameter) tttey formTcakWI sTfliwTsuBP^ai Tourtimaffi ^ hwes afe vef r Sma " ( ' e " un0er 1 lJm in 
below, e suspension ol 0.1 tump t pm mtecSlides may be c, eaten JT teeaTe* 8 * "'“"beo ,n mere aetaM 

high speed centrifuge - floor model (JS 21 Beckman) Mettler^naknf^TCf^ CaPS ' ,aWe ,0p centri,u 9 e (Beckman), 
loading balance (AE 163 . 0.01 mg? JSSLfcS T?* 10 °' °‘ 1 Me « lar digital top 

maceuticals) 20 ml. laminar flowhood. PolycaprSStone (m- mSTnn!!' ™ aCti ° n aer0S0 ' (P<eiffer phar ' 
Pennsylvania USA), "washed" (see Dreviousi Fthuian* \/ . A m ° ^ 10,000 10 20 - 000 ; Polysciences, Warrington 
to 25 , 000 ; Polysdences), Polyvinyl Alcohol fPVA-- mol vT^ acid ( ‘ PLA " "*1 "■ ’ 5.000 

Milwaukee. Wl USA). Dichloromethane ("DCM’ or •metMwe 2 de *^ip!r a h ^ r ° ,yzed: Aldrich Chemical Co., 
sterile saline (Becton and Dickenson or equivalent) ^ d PLC srade F,sher scientific). Distilled water, 

Preparation of 5% (w/v) Polymer Solutions 



depending on the polymer solution being prepared, v. ■ 

, a rec tly into a 20 ml glass scintillation vial. Using a m- 
Leave the vial at room temperature (25«C) for one hour c- 1 



- 1.00 g of PCL or PLA or 0.50 g each ol PLA and washed 
-ring cylinder, add 20 ml of DCM and tightly cap the vial. 
-I all the polymer has dissolved (occasional hand shaking 
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may be used). Dissolving of the polymer can be determined by a visual check; the solution should be clear. Label the 
vial with the name of the solution and the date it was produced. Store the solutions at room temperature and use within 
two weeks. 

5 2. Preparation of 3.5% (w/v) Stock Solution of PVA 

The solution can be prepared by following the procedure given below, or by diluting the 5% (w/v) PVA stock solution 
prepared for production of microspheres (see Example 8). Briefly. 1 7.5 g of PVA is weighed directly into a 600 ml glass 
beaker, and 500 ml of distilled water is added. Place a 3 inch teflon coated stir bar in the beaker. Cover the beaker with 
io a cover glass to reduce evaporation losses. Place the beaker in a 2000 ml glass beaker containing 300 ml of water. This 
will act as a water bath. Stir the PVA at 300 rpm at 85°C (Corning hot plate/stirrer) for 2 hours or until fully dissolved. 
Dissolving of the PVA can be determined by a visual check; the solution should be dear. Use a pipette to transfer the 
solution to a glass screw top storage container and store at 4°C for a maximum of two months. This solution should be 
warmed to room temperature before use or dilution. 

15 

3. Procedure for Producing Nanospray 

Place the stirring assembly in a fume hood. Place 100 ml of the 3.5% PVA solution in the 200 ml water jacketed 
beaker. Connect the Haake water bath to this beaker and allow the contents to equilibrate at 27°C (+/-1 °C) for 1 0 min- 
20 utes. Set the start speed of the overhead stirrer at 3000 rpm (+/-200 rpm). Place the blade of the overhead stirrer half 
way down in the PVA solution and start the stirrer. Drip 10 ml of polymer solution (polymer solution used based on type 
of nanospray being produced) into the stirring PVA over a period of 2 minutes using a 5 ml automatic pipetter. After 3 
minutes, adjust the stir speed to 2500 rpm (+/- 200 rpm) and leave the assembly for 2.5 hours. After 2.5 hours, remove 
the stirring Wade from the nanospray preparation and rinse with 10 ml of distilled water. Allow the rinse solution to go 
25 into the nanospray preparation. 

Pour the microsphere preparation into a 500 ml beaker. Wash the jacketed water bath with 70 ml of distilled water. 
Allow the 70 ml rinse solution to go into the microsphere preparation. Stir the 180 ml microsphere preparation with a 
glass rod and pour equal amounts of it into four polypropylene 50 ml centrifuge tubes. Cap the tubes. Centrifuge the 
capped tubes at 10 000 g (+/- 1000 g) for 10 minutes. Using a 5 ml automatic pipetter or vacuum suction, draw 45 ml 
30 of the PVA solution off each microsphere pellet and discard it. Add 5 ml of distilled water to each centrifuge tube and 

use a vortex to resuspend the microspheres in each tube. Using 20 ml of distilled water, pool the four microsphere sus- 
pensions into one centrifuge tube. To wash the microspheres, centrifuge the nanospray preparation for 10 minutes at 
1 0 000 g (+/- 1 000 g). Draw the supernatant off the microsphere pellet. Add 40 ml of distilled water and use a vortex to 
resuspend the microspheres. Repeat this process two more times for a total of three washes. Do a fourth wash but use 
35 only 1 0 ml (not 40 ml) of distilled water when resuspending the microspheres. After the fourth wash, transfer the micro- 
sphere preparation into a preweighed glass scintillation vial. 

Cap the vial and let it sit for 1 hour at room temperature (25°C) to allow the 2 urn and 3 \im diameter microspheres 
to sediment out under gravity. After 1 hour, draw off the top 9 ml of suspension using a 5 ml automatic pipetter. Place 
the 9 ml into a sterile capped 50 ml centrifuge tube. Centrifuge the suspension at 10 000 g (+1- 1000 g) for 10 minutes. 
40 Discard the supernatant and resuspend the pellet in 20 ml of sterile saline. Centrifuge the suspension at 10 000 g (+/- 

1000 g) for 10 minutes. Discard the supernatant and resuspend the pellet in sterile saline. The quantity of saline used 
is dependent on the final required suspension concentration (usually 1 0% w/v). Thoroughly rinse the aerosol apparatus 
in sterile saline and add the nanospray suspension to the aerosol. 

45 C. Manufacture of Taxol Loaded Nanosprav 

To manufacture nanospray containing taxol, use Taxol (Sigma grade 95% purity). To prepare the polymer drug 
stock solution, weigh the appropriate amount of taxol directly into a 20 ml glass scintillation vial. The appropriate 
amount is determined based on the percentage of taxol to be in the nanospray. For example, if nanospray containing 
so 5% taxol was required, then the amount of taxol weighed would be 25 mg since the amount of polymer added is 10 ml 
of a 5% polymer in DCM solution (see next step). 

Add 10 ml of the appropriate 5% polymer solution to the vial containing the taxol. Cap the vial and vortex or hand 
swirl it to dissolve the taxol (visual check to ensure taxol dissolved). Label the vial with the date it was produced. This 
is to be used the day it is produced. 

55 Follow the procedures as described above, except that polymer/drug (e.g., taxol) stock solution is substituted for 
the polymer solution. 
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The term film refers to a polymer formed into one of rrwnv c u 3nn( . -p, ... 

of polymer or a 2 mm thick disc of polymer. This film is desioned to be Disced on * ,astic Sheet 

lated orug is released from the polymer over a long period of time at the tissue site^ 0 ^ &SSUe S0 that any encapsu ‘ 
esses, including for example, by casting, and by spraying. * 015 may be made by several proc ' 

poured^o C a^l^» e ^^^ y nTO^m' eiti^^TClidif aTit rodror^lidi^^as the^M^enf * diCh,oromethane and 
In the spraying technique, the polymer is dissolved in solvent ^Lrav^^ a^ afmflr^ ' f ? Sp ^ t,vely 

cap (Plastic insert type) TIC atorSTXn™ S f ™ ub holding a « ,ara * u * 20 ml glass scintillation vial with 
» sSc*). nSggSSi P01 W fP(X- • me wt 10.000 » 20.000; Pay- 

1 . Procedure for Producing Films • Melt Casting 

Weigh a Known weight of PCI directly into a small glass beaker. Place the beaker in a . 

water (to act as a water bath) and put it on the hot Dlate at 7 n°r w is m „ a ... a 9 er Weaker containing 

2. Procedure for Producing Films - Solvent Casting 

centration. Use hand shaking or vortexing to d’i^Sra the taJtatha ■' * 2 ** d8Sired <inal taxo1 con ‘ 

ish the presence of air bubbles) and then pour it slowl v into a mo. m 71!^°°’ lhe solullon sit for one hour (to dimin- 

store it or peel it out and store it in a sealed container. ^ tuner leave the film in the mould to 

3. Procedure for Producing Films ■ Sprayed 

Using an automatic pipette, transfer a suitable volume (minimum 5 ml) of the 2<y ® ^ t0 8 ? abl8 hor,zon,al sP^ng. 
glass scintillation vial. Add sufficient taxol to the solution and dissote rt by har^hSo ' ****** 20 ml 
spraying, remove the cap of this vial and diD the barrel fnnM nt a „ ti r haking ttle oePPed vial. To prepare for 

n., uJ* ZZZ2? n ZZ17.ZT" ***“"■ Nae: Be 

'a*? ™ e *• «' « 

oscillating sprays with a 15 second dry time between C nrf 0l l i ,he P roceclLire - To spray the moulds use 5 second 

Erocedure for Producing Nanop^sfft 

,« .JETS,* ZSZZZ SSStISS? 

Being water based, the paste will soon become diluted witched I "t? ^ adad miCf °w h eres close to the target tissue, 
paste and a tendency of the microspheres to be deoositen nn .' dS ca “ sin9 a decrease the stickiness of the 
is there--, located close to the target tissue * y tlSSUe ' A P °°' ° f m,cros P here encapsulated drug 

Reaoents and equipment which were utilized within these experiments include glass beakers. Carbopo. 925 (phar- 
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maceutical grade, Goodyear Chemicai Co.), distilled water, sodi urn hydroxide (1 M) in water solution, sodium hydroxide 
solution (5 M} in water solution, microspheres in the 0.1 jim to 3 \im size range suspended in water at 20% w/v (See 
previous). 

1 . Preparation of 5% w/v Carbopol Gel 

Add a sufficient amount of carbopol to 1 M sodium hydroxide to achieve a 5% w/v solution. To dissolve the carbopol 
in the 1 M sodium hydroxide, allow the mixture to sit for approximately one hour. During this time period, stir the mixture 
using a glass rod. After one hour, take the pH of the mixture. A low pH indicates that the caibopol is not fully dissolved. 
The pH you want to achieve is 7.4. Use 5 M sodium hydroxide to adjust the pH. This is accomplished by slowly adding 
drops of 5 M sodium hydroxide to the mixture, stirring the mixture and taking the pH of the mixture. It usually takes 
approximately one hour to adjust the pH to 7.4. Once a pH of 7.4 is achieved, cover the gel and let it sit for 2 to 3 hours. 
After this time period, check the pH to ensure it is still at 7.4. If it has changed, adjust back to pH 7.4 using 5 M sodium 
hydroxide. Allow the gel to sit for a few hours to ensure the pH is stable at 7.4. Repeat the process until the desired pH 
is achieved and is stable. Label the container with the name of the gel and the date. The gel is to be used to make nan- 
opaste within the next week 

2. Procedure for Producing Nanopate 

Add sufficient 0.1 pm to 3 *im microspheres to water to produce a 20% suspension of the microspheres. Put 8 ml 
of the 5% w/v carbopol gel in a glass beaker. Add 2 ml of the 20% microsphere suspension to the beaker. Using a glass 
rod or a mixing spatula, stir the mixture to thoroughly disperse the microspheres throughout the gel. This usually takes 
30 minutes. Once the microspheres are dispersed in the gel, place the mixture in a storage jar. Store the jar at 4 8 C. It 
must be used within a one month period. 

EXAMPLE 11 

CONTROLLED DELIVERY OF TAXOL FROM MICROSPHERES COMPOSED OF A BLEND OF ETHYLENE-VINYL- 
ACETATE COPOLYMER AND POLY(D,L LACTIC ACID). IN VIVO TESTING OF THE MICROSPHERES ON THE CAM 
ASSAY 

This example describes the preparation of taxol-loaded microspheres composed of a blend of biodegradable poly 
(d.l-lactic acid) (PLA) polymer and nondegradable ethylene-vinyl acetate (EVA) copolymer. In. addition, the in vitro 
release rate and anti-angiogenic activity of taxol released from microspheres placed on a CAM are demonstrated. 

Reagents which were utilized in these experiments include taxol. which is purchased from Sigma Chemical Co. (St. 
Louis. MO); PLA (molecular weight 15,000-25,000) and EVA (60% vinyl acetate) (purchased from Polysciences (War- 
rington, PA); polyvinyl alcohol (PVA) (molecular weight 124.000-186.000. 99% hydrolysed, purchased from Aldrich 
Chemical Co. (Milwaukee, Wl)) and Dichloromethane (DCM) (HPLC grade, obtained from Fisher Scientific Co). Distilled 
water is used throughout. 

A. Preparation of microspheres 

Microspheres are prepared essentially as described in Example 8 utilizing the solvent evaporation method. Briefly, 
5% w/v polymer solutions in 20 mL DCM are prepared using blends of EVA:PLA between 35:65 to 90:10. To 5 mL of 
2.5% w/v PVA in water in a 20 mL glass vial is added 1 mL of the polymer solution dropwise with stirring. Six similar 
vials are assembled in a six position overhead stirrer, dissolution testing apparatus (Vanderkamp) and stirred at 200 
rpm. The temperature of the vials is increased from room temperature to 40 8 C over 15 min and held at 40 # C for 2 hours. 
Vials are centrifuged at 500xg and the microspheres washed three times in water. At some EVA:PLA polymer blends, 
the microsphere samples aggregated during the washing stage due to the removal of the dispersing or emulsifying 
agent, PVA. This aggregation effect could be analyzed semi-quantitatively since aggregated microspheres fused and 
the fused polymer mass floated on the surface of the wash water. This surface polymer layer is discarded during the 
wash treatments and the remaining, pelleted microspheres are weighed. The % aggregation is determined from 

% aggregation - H^eight of pelleted microspheres) x 100 
initial polymer weight 



Taxol loaded microspheres (0.6% w/w taxol) are prepared by dissolving the taxol in the 5% w/v polymer solution in 
DCM. The polymer blend used is 50:50 EVA: PLA. A "large" size fraction and "small" size fraction of microspheres are 
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produced by addng the taxot/pdymer solution dropwise into 2.5% w/v PV A and 5% wAr pva. respectively The d.sner 
s^ons are stirred at 40’C at 200 rpm for 2 hours, centrifuged and washed 3 times in water £5^ «£? 

2*= :; sres are air dd8d and sa 7 laS are a26d us ' n 9 an optical microscope with a Sge m^me^ oSS 
vic _ r ' 9res 31-8 Counted per sam P |e - Contro1 microspheres (taxol absent) are prepared and sized as described pre- 
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B. r. -capsulatio n efficiency 

01 taxoHoaded ™crospheres are dissolved in 1 mL DCM, 20 mL of 40% acetonitrile in water at 

Sfrm re ^? e !i^« VOrteXed Until the DCM had 6880 eva P ora, ed. The concentration of taxol in the 40% acetonitrile is 
d«ermined by HPLC using a mobile phase of water :methanol:acetonitrile (37:5:58) at a flow rate of 1 mUmin ( Beckman 

cmn^nf P th mP ^ ,Sf reversaphasa COlumn (Beckman ) and UV detection at 232 nm. To determine the recovery effi- 

W6i0htS 01 ,aX °' fr0m 10 °- 1000 ™ are disso,ved in 1 mL o< DCM and sub- 
* be “T ex,ractlon Pwedure in tnpficate as described previously. Recoveries are always greater than 85% 
and the values of encapsulation efficiency are corrected appropriately. 9 ■ 85% 

C. Drug release studies 

mo £l 5 Ji2 1^’ “'T e8pp ?! tUbes are placed 1 ° mL of 1 0 mM phosphate buffered saline (PBS). pH 7 4 and 35 

^ ar8 *"*« 31 37#C and at «"» intervals, centrifuged an SoJxg^r 5 
rpin«fhatftH ® U ^ natant saved for analysis - Mcrosphere pellets are resuspended in fresh PBS (lOmL) at 37’C and 
e n '^ ba * ed - Taxpl eventrations are determined by extraction into t mL DCM followed by evaporated to drynS 
deS-ibed 63 " 1 ° 98n ' r8C ° nStrtU,ion in 1 ml of 40% acetonitrile in water and analysis usi^HPLC as previously 

D. Scanning Electron Mi croscopy (SEMI 

i,oa * re ' "*w* «<*« -*.» ■ piw. 

E. CAM Studies 

r"! Ch ^ embry08 are incubat8d for 4 days P ri °r to shell-less culturing. The egg contents are incu- 
a ^ feiatve humdrty and 3% CC^ for 2 days. On day 6 of incubation. 1 mg aliquots of 0 6% t£d loader 

<J*°! e L m ' Cr0SphereS are placed directly on the CAM surf ece. After a 2 day exposure foe^Lafora is 
andvfoeo J^^^^ 8reomicroscope mterfaced with a video camera; the video signals a re then displayed on a computer 

F. Results 

nr . ^^eres prepared from 100% EVA are freely suspended in solutions of PVA but aggregated and coalesced 
of PLforte^^oi'i ’ Seqi T WaShin ® W3,er ,0 r8m0Ve ,he PVA - Blendi " 9 EVA with anUcreasing proporten 

“A Mr88, “ an0 coal ““ " he " -"-"X 

resentative scanning electron micrographs of taxol loaded 50:50 EVA:PLA microsoheres in thp "email- anri -i ^ « • P 

mevfoence^lid drag on tS fi 15C - re ® pective,y - ^ microspheres are spherical with a smooth surface and with 
o evidence of solid drug on the surface of the microspheres. The efficiency of loading 50*50 EVA PLA miemsnhprac 

With taxol is between 95-100% at initial taxol concentrations of between 100-1000 mg pefso ^'m^ooT me^S 

. ^ 9 tim f course °* 13x01 rele ase from 0.6% w/v loaded 50:50 EVA:PLA microspheres is shown in Finure i sn f n , 

small size (open circles) and "large" size (closed circles) microspheres The release rate studies are ea men . 

otesVSfu in 3 S6Pa r r eXPerimen,S - ThS re,ease Pr0,!l8S ar ^°riasi= “taS" W 

ralSL Th 9 ° Ver ® rSt 4 dayS ,r0,r ‘ 0,h size ran 9 e microspheres. This is followed by a phase of much Slower 

13 % ihTfmeu" 0 f' 9n “ at dif,erence Cerween th e release rates from "small" or "large" microspheres Betweli io- 
13 A of the total taxol conies of the microspneres is released in 50 days. 
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The taxol loaded microspheres (0.6% w/v loading) are tested using the CAM assay and the results are shown in 
Figure 1 5E. The taxol microspheres released sufficient drug to produce a zone of avascularity in the surrounding tissue 
(Figure 15F). Note that immediately adjacent to the microspheres ("MS" in Figures 15E and 15F) is an area in whicn 
Wood vessels are completely absent (Zone 1); further from the microspheres is an area of disrupted, non-functioning 
5 capillaries (Zone 2); it is only at a distance of approximately 6 mm from the microspheres that the capillaries return to 
normal. In CAMs treated with control microspheres (taxol absent) there is a normal capillary network architecture. 

Discussion 

io Arterial chemo embolization is a invasive surgical technique. Therefore, ideally, a chemoemboiic formulation of an 
anti-angiogenic and anticancer drug such as taxol would release the drug at the tumor site at concentrations sufficient 
for activity for a prolonged period of time, of the order of several months. EVA is a tissue compatible nondegradable pol- 
ymer which has been used extensively for the controlled delivery of macromolecules over long time periods (> 100 
days). 

is EVA is initially selected as a polymeric biomaterial for preparing microspheres with taxol dispersed in the polymer 
matrix. However, microspheres prepared with 100% EVA aggregated and coalesced almost completely during the 
washing procedure. 

Polymers and copolymers based on lactic add and glycolic acid are physiologically inert and biocompatible and 
degrade by hydrolysis to toxicologically acceptable products. Copolymers of lactic add and glycolic acids have faster 
20 degradation rates than PLA and drug loaded microspheres prepared using these copolymers are unsuitable for pro- 
longed. controlled release over several months. Dolfinger and Sawan blended PLA with EVA and showed that the deg- 
radation lifetime of PLA is increased as the proportion of EVA in the Wend is increased. They suggested that blends of 
EVA and PLA should provide a polymer matrix with better mechanical stability and control of drug release rates than 
. PLA. 

25 Figure 15A shows that increasing the proportion of PLA in a EVA: PLA Wend decreased the extent of aggregation 
of the microsphere suspensions. Blends of 50% or less EVA in the EVA:PLA matrix produced physically staWe micro- 
sphere suspensions in water or PBS. A blend of 50:50 EVA:PLA is selected for all subsequent studies. 

Different size range fractions of microspheres could be prepared by changing the concentration of the emulsifier. 
PVA, in the aqueous phase. "Small" microspheres are produced at the higher PVA concentration of 5% w/v whereas 
30 "large" microspheres are produced at 2.5% w/v PVA. All other production variaWes are the same for both microsphere 
size fractions. The higher concentration of emulsifier gave a more viscous aqueous dispersion medium and produced 
smaller droplets of polymer/taxol/DCM emulsified in the aqueous phase and thus smaller microspheres. The taxol 
loaded microspheres contained between 95-100% of the initial taxol added to the organic phase encapsulated within 
the solid microspheres. The low water solubility of taxol favoured partitioning into the organic phase containing the pol- 
35 ymer. 

Release rates of taxol from the 50:50 EVA: PLA microspheres are very slow with less than 15% of the loaded taxol 
being released in 50 days. The initial burst phase of drug release may be due to diffusion of drug from the superficial 
region of the microspheres (close to the microsphere surface). 

The mechanism of drug release from nondegradable polymeric matrices such as EVA is thought to involve the dif- 
40 fusion of water through the dispersed drug phase within the polymer, dissolution of the drug and diffusion of solute 
through a series of interconnecting, fluid filled pores. Blends of EVA and PLA have been shown to be immisciWe or 
bicontinuous over a range of 30 to 70% EVA in PLA. In degradation studies in PBS buffer at 37°C. following an induction 
or lag period. PLA hydrolytically degraded and eroded from the EVA:PLA polymer blend matrix leaving an inactive 
sponge-like skeleton. Although the induction period and rate of PLA degradation and erosion from the blended matrices 
45 depended on the proportion of PLA in the matrix and on process history, there is consistently little or no loss of PLA until 
after 40-50 days. 

Although some erosion of PLA from the 50:50 EVA: PLA microspheres may have occurred within the 50 days of the 
in vitro release rate study (Figure 15C), it is likely that the primary mechanism of drug release from the polymer Wend 
is diffusion of solute through a pore network in the polymer matrix. 
so At the conclusion of the release rate study, the microspheres are analyzed from the amount of drug remaining. The 
values for the percent of taxol remaining in the 50 day incubation microsphere samples are 94% +/- 9% and 89% + /- 
12% for "large" and "small" size fraction microspheres, respectively. 

Microspheres loaded with 6mg per mg of polymer (0.6%) provided extensive inhibition ol angiogenesis when 
placed on the CAM of the embryonic chick (Figures 15E and 15F). 
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EXAMPLE 19 

SULAT ' 0N ' N POLY ( E 'CAPROLACTONc> MICROSPHERES. INHIBITION OF ANGIOGENESIS ON 
THE CAM ASSAY BY TAXOL-LOADED MICROSPHERES AWjiUUtNtblS ON 

a ®®" lple evalua,es the in vitr0 release Profile of taxol from biodegradable microspheres of polyfe-caorol- 
artone) and demonstrates the anti-angiogenic activity of taxol released from these microsphwes when SS^the 

„ c ^!? 9ertS r hiCh W6re Uti ' i2ed these experimerts '"dude: poly(e-caprolactone) (’PCL-) (molecular weioht 3S ooo 
‘ 'J 5,009, purchased <rom Pdysdences (Warrington. PA)); dichloromethane CDCM") from Freher Scientific Co Can 
^ l '° h0 ' (PVA) <T° leajlar WeiQW 12>0 ° * 18 ' 000 ' 99% hydrolysed) fromAJdrich 

15 A - Preparation of microspheres 

preparad essentially as desaibed in Example 8 utilizing the solvent evaporation method Briefly 
SlOO^?i% ^ pvpT° SP ^ heres are prepared by dissolving 1 0 mg of taxol and 190 mg of PCL in 2 ml of DCM. adding 
to 100 rrt of 11% PVP aqueous solution and stirring at 1000 r.p.m. at 2S»C for 2 hours. The suspension of microsoher^ 
s cenfrrfuged at 1000 x g for 10 minutes (Beckman GPR), the supernatant removed and t^cr^heres S 
t ee times with water. The washed microspheres are air-dried overnight and stored at room terrperature Control 

e eS If* 0 ' abS6nt) are prepared as Pesaibed above. Microspheres containing 1% and 2% taxol are also pre- 
pared. Microspheres are sized using an optical microscope with a stage micrometer. 

25 B. Encapsulat ion efficiency 

* ^ < !rj^! 0ht °f daj 9- |oaded microspheres (about 5 mg) is dissolved in 8 ml of acetonitrile art 2 ml distilled 
water is added to precipitate the polymer. The mixture is centrifuged at 1000 g for 10 minutes art the amount of ta*ni 
encapsulated is calculated from the absorbance of the supernatant measurrt in aUvC^hotomZmltn 
Packard 8452A Diode Array Spectrophotometer) at 232 nmT uv spectrophotometer (Hewlett- 

C. Druo release studies 

/dd^ 01 * 10m9Of taxol ‘ loaded microspheres are suspended in 20 ml of 10 mM phosphate buffered saline oH 7 4 

(3t5S) Z T"“ S' HPLC Wng « IM* phase of 

D. CAM studies 

mo 22S ZTI 1 chi ^® mbryos are '"cifoated for 4 days prior to shell-less culturing. On day 6 of incubation 1 
r r ,l? ° ; ? ed W “ ntrol (,axol ' free) microspheres are placed directly on the CAM surface After a 2- 

50 E. Scanning el ectron microscopy 

*» « «’«’ I" • »« tarring 

55 F. Results 

or r-Zl 6 f 28 ran9 ® ,or the microsphere samples is between 30-100 mm. although there is evidence in all taxol-loaded 
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strated that the microspheres are all spherical and many showed a rough or pitted surface morphology. There appeared 
to be no evidence of solid drug on the surface of the microspheres. 

The time courses of taxol release from 1%, 2% and 5% loaded PCL microspheres are shown in Figure 16A. The 
release rate profiles are biphasic. There is an initial rapid release of taxol or "burst phase" at all drug loadings. The burst 
phase occurred over 1-2 days at 1% and 2% taxol loading and over 3-4 days for 5% loaded microspheres. The initial 
phase of rapid release is followed by a phase of significantly slower drug release. For microsoneres containing 1% or 
2% taxol there is no further drug release after 21 days. At 5% taxol loading, the microspheres had released about 20% 
of the total drug content after 21 days. 

Figure 16B shows CAMs treated with control PCL microspheres, and Figure 16C shows treatment with 5% taxol 
loaded microspheres. The CAM with the control microspheres shows a normal capillary network architecture. The CAM 
treated with taxol-PCL microspheres shows marked vascular regression and zones which are devoid of a capillary net- 
work. 

G. Discussion 

The solvent evaporation method of manufacturing taxol -loaded microspheres produced very high taxol encapsula- 
tion efficiencies of between 95-100%. This is due to the poor water solubility of taxol and its hydrophobic nature favour- 
ing partitioning in the organic solvent phase containing the polymer. 

The biphasic release profile for taxol is typical of the release pattern for many drugs from biodegradable polymer 
matrices. Poly(e-caprolactone) is an aliphatic polyester which can be degraded by hydrolysis under physiological con- 
ditions and it is non-toxic and tissue compatible. The degradation of PCL is significantly slower than that of the exten- 
sively investigated polymers and copolymers of lactic and glycolic acids and is therefore suitable for the design of long- 
term drug delivery systems. The initial rapid or burst phase of taxol release is thought to be due to diffusional release 
of the drug from the superficial region of the microspheres (close to the microsphere surface). Release of taxol in the 
second (slower) phase of the release profiles is not likely due to degradation or erosion of PCL because studies have 
shown that under in vitro conditions in water there is no significant weight loss or surface erosion of PCL over a 7.5- 
week period. The slower phase of taxol release is probably due to dissolution of the drug within fluid-filled pores in the 
polymer matrix and diffusion through the pores. The greater release rate at higher taxol loading is probably a result of 
a more extensive pore network within the polymer matrix. 

Taxol microspheres with 5% loading have been shown to release sufficient drug to produce extensive inhibition of 
angiogenesis when placed on the CAM. The inhibition of blood vessel growth resulted in an avascular zone as shown 
in Figure 16C. 

EXAMPLE 13 

TAXOL-LOADED POLYMERIC FILMS COMPOSED OF ETHYLENE VINYL ACETATE AND A SURFACTANT 

Two types of films are prepared esentially as described in Example 10: pure EVA films loaded with taxol and 
EVA/surfactant blend films ( i.e ., Pluronic F127, Span 80 and Pluronic L101) loaded with taxol. 

The surfactants being examined are two hydrophobic surfactants (Span 80 and Pluronic L101) and one hydrophilic 
surfactant (Pluronic F127). The pluronic surfactants are themselves polymers, which is an attractive property since they 
can be blended with EVA to optimize various drug delivery properties. Span 80 is a smaller molecule which is in some 
manner dispersed in the polymer matrix, and does not form a blend. 

Surfactants will be useful in modulating the release rates of taxol from films and optimizing certain physical param- 
eters of the films. One aspect of the surfactant blend films which indicates that drug release rates can be controlled is 
the ability to vary the rate and extent to which the compound will swell in water. Diffusion of water into a polymer-drug 
matrix is critical to the release of drug from the carrier. Figures 1 7C and 1 7D show the degree of swelling of the films 
as the level of surfactant in the blend is altered. Pure EVA films do not swell to any significant extent in over 2 months. 
However, by increasing the level of surfactant added to the EVA it is possible to increase the degree of swelling of the 
compound, and by increasing hydrophilicity swelling can also be increased. 

Results of experiments with these films are shown below in Figures 1 7A-E. Briefly, Figure 1 7A shows taxol release 
(in mg) over time from pure EVA films. Figure 17B shows the percentage of drug remaining for the same films. As can 
be seen from these two figures, as taxol loading increases (/.e., percentage of taxol by weight is increased), drug 
release rates increase, showing the expected concentration dependence. As taxol loading is increased, the percent 
taxol remaining in the film also increases, indicating that higher loading may be more attractive for long-term release 
formulations. 

Physical strength and elasticity of the films is assessed in Figure 17E. Briefly, Figure 17E shows stress/strain 
curves for pure EVA and EVA-Surfactant blend films. This crude measurement of stress demonstrates that the elasticity 
of films is increased with the addition of Pluronic F127, and that the tensile strength (stress on breaking) is increased 
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in a concentration dependant manner with the addition of Pluronic F127. Elasticity and strength are inportant consid- 
eratons m designing a film which can be manipulated for particular clinical applications without causing permanent 
deformation of the compound. 

The above data demonstrates the ability of certain surfactant additives to control drug release rates and to alter the 
physical characteristics of the vehicle. 

EXAMPLE 14 



INCORPORATING METHOXYPOLYETHYLENE GLYCOL 350 (MePEG) INTO POLY(E*CAPRO LACTONE) TO 
DEVELOP A FORMULATION FOR THE CONTROLLED DELIVERY OF TAXOL FROM A PASTC 

and r T.^r which were utilized within these experiments include methoxypolyethylene glycol 350 
( MePEG - Union Carbide, Danbury. CT). MePEG is liquid at room temperature, and has a freezing point of 10" to -5"C. 

A. Preparation Of a MePEG/PCLta xol-containino paste 

, pas,e is prepared b y firs » dissolving a quantity of taxol into MePEG, and then incorporating this into 

melted PCL One advantage with this method is that no DCM is required. 

B. Analysis of melting point 



The melting point of PCL/MePEG polymer blends may be determined by differential scanning calorimetry from 
30"C to 70*C at a heating rate of 2.5"C per minute. Results of this experiment are shown in Figures 18A and 18B 
Bnef ly. as shown in Figure 1 8A the melting point of the polymer blend (as determined by thermal analysis) is decreased 
by MePEG in a concentration dependent manner. The melting point of the polymer blends as a function of MePEG con- 
centration is shown in Figure 1 8A. This lower melting point also translates into an increased time for the polymer blends 
to solidify from melt as shown in Figure 18B. A 30:70 blend of MePEGrPCL takes more than twice as long to solidify 
from the fluid melt than does PCL alone. 



C. Measurement of brittleness 

Incorporation of MePEG into PCL appears to produce a less brittle solid, as compared to PCL alone. As a ’rough* 
thlS ’ 3 weiflhted needle is Propped from an equal height into polymer blends containing from 0% to 
30% MePEG in PCL. and the distance that the needle penetrates into the solid is then measured. The resulting graph 
ts shown as Figure 1 8C. Points are given as the average of four measurements + /- 1 S.D. 

p ° r Purposes of comparison, a sample of paraffin wax is also tested and the needle penetrated into this a distance 
of 7.25 mm + /- 0.3 mm. 

0. Measure ment of taxol release 



™T°\ P °' y ™ (PCL COntainin9 °* 5% - 10% or 20% MePEQ ) are incubated in phosphate buffered saline 
(PBS, pH 7.4) at 37*C, and % change in polymer weight is measured over time. As can be seen in Figure 18D the 
amount of weight lost increases with the concentration of MePEG originally present in the blend. It is likely that this 
weight loss is due to the release of MePEG from the polymer matrix into the incubating fluid. This would indicate that 
taxol will readily be released from a MePEG/PCL blend since taxol is first dissolved in MePEG before incorporation into 
PCL. 



E. Effect Of varying quantitie s of MePEG on taxol release 

Thermopastes are made up containing between 0.8% and 20% MePEG in PCL These are loaded with 1 % taxol 
The release of taxol over time from 10 mg pellets in PBS buffer at 37"C is monitored using HPLC. As is shown in Figure 
1 8t, the amount of MePEG in the formulation does not affect the amount of taxol that is released. 



F. Effect g> varying Quantities of taxol on the total amount of taxol released from a 20% MePEG /PCA Nervi 



Thermopastes are made up containing 20% MePEG in PCL and loaded with between 0.2% and 10% taxol. The 
release of taxol over time is measured as described above. As shown in Figure 18F, the amount of taxol released over 
time increases with increased taxol loading. When plotted as the percent total taxol released, however, the order is 
reversed (Figure 1BG). This gives information about the residual taxol remaining in the paste and. if assumptions are 
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made about the validity of extrapolating this data, allows for a projection of the period of time over which taxol will be 
released from the 20% MePEG Thermopaste. 

G. Strength analysis of various MePEG/PCL blends 
5 

A CT-40 mechanical strength tester is used to measure the strength of solid polymer "tablets" of diameter 0.88 cm 
and an average thickness of 0.560 cm. The polymer tablets are blends of MePEG at concentrations of 0%, 5%, 1 0% or 
20% in PCL 

Results of this test are shown in Figure 18H, where both the tensile strength and the time to failure are plotted as 
io a function of %MePEG in the blend. Single variable ANOVA indicated that the tablet thicknesses within each group are 
not different. As can be seen from Figure 18H, the addition of MePEG into PCL decreased the hardness of the resulting 
solid. 

EX AM PLE 15 

is 

EFFECT OF TAXOL-LOADED THERMOPASTE ON ANGIOGENESIS IN VIVO 

Fertilized, domestic chick embryos were incubated tor 4 days prior to shell-less culturing as described in Example 
2. The egg contents are removed from the shell and emptied into round-bottom sterilized glass bowls and covered with 
20 petri dish covers. 

Taxol is incorporated into thermopaste at concentrations of 5%, 10%, and 20% (w/v) essentially as described 
above (see Example 10), and used in the following experiments. Dried cut thermopaste is then heated to 60°C and 
pressed between two sheets of parafilm, flattening it and allowing it to cool. Six embryos received 20% taxol-loaded 
thermopaste and 6 embryos received unloaded thermopaste prepared in this manner. One embryo died in each group 
25 leaving 5 embryos in each of the control and treated groups. 

Unloaded thermopaste and thermopaste containing 20% taxol was also heated to 60°C and placed directly on the 
growing edge of each CAM at day 6 of incubation; two embryos each were treated in this manner. 

There was no observable difference in the results obtained using the different methods of administration, indicating 
that the temperature of the paste at the time of application was not a factor in the outcome. 

30 Thermopaste with 10% taxol was applied to 1 1 CAMs and unloaded thermopaste was applied to an additional 1 1 
CAMs, while 5% taxol-loaded thermopaste was applied to 10 CAMs and unloaded thermopaste was applied to 10 other 
control CAMs. After a 2 day exposure (day 8 of incubation) the vasculature was examined with the aid of a stereomicro- 
scope. Liposyn II, a white opaque solution, was injected into the CAM to increase the visibility of the vascular details. 

In the embryos treated with 5% taxol-loaded paste, only 2 animals demonstrated maximum inhibition of angiogen- 
35 esis. while the remaining 8 were only marginally affected. Of the animals treated with 10% taxol-loaded thermopaste 
only 2 showed maximal inhibition while the other 9 were only marginally affected. 

The 20% taxol-loaded thermopaste showed extensive areas of avascularity (see Figure 19B) in ail 5 of the CAMs 
receiving this treatment. The highest degree of inhibition was defined as a region of avascularity covering 6 mm by 6 
mm in size. All of the CAMs treated with 20% taxol-loaded thermopaste displayed this degree of angiogenesis inhibi- 
40 tion. 

By comparison, the control (unloaded) thermopaste did not inhibit angiogenesis on the CAM (see Figure 1 9A); this 
higher magnification view (note that the edge of the paste is seen at the top of the image) demonstrates that the vessels 
adjacent to the paste are unaffected by the thermopaste. This suggests that the effect observed is due to the sustained 
release of taxol and is not due to the polymer itself or due to a secondary pressure effect of the paste on the developing 
45 vasculature. 

This study demonstrates that thermopaste releases sufficient quantities of angiogenesis inhibitor (in this case 
taxol) to inhibit the normal development of the CAM vasculature. 

EXAMPLE 16 

50 

EFFECT OF TAXOL-LOADED THERMOPASTE ON TUMOR GROWTH AND TUMOR ANGIOGENESIS IN VIVO 

Fertilized domestic chick embryos are incubated for 3 days prior to having their shells removed. The egg contents 
are emptied by removing the shell located around the airspace, severing the interior shell membrane, perforating the 
55 opposite end of the shell and allowing the egg contents to gently slide out from the blunted end. The contents are emp- 
tied into round-bottom sterilized glass bowls, covered with petri dish covers and incubated at 90% relative humidity and 
3% carbon dioxide (see Example 2). 

M DAY-02 cells (a murine lymphoid tumor) are injected into mice and allowed to grow into tumors weighing 0.5-1 .0 
g. The mice are sacrificed, the tumor sites wiped with alcohol, excised, placed in sterile tissue culture media, and diced 
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